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OTHER WORKS ON CHEMISTRY 

BY 

Professor Appleton: 

I. The Young Chemist: A bowk uf chemical experiments fui Ijegiiiners in 
Chemistry. It is composed almost entirely of experiments, those being chosen that may be 
performed \\-ilh \'ery simple apparatus. 

II. Qualitative Analysis : A brief but thorough manual for laboratory use. 

It gives full explanations and many chemical equations. The }irocesses of analysis are 
clearly stated and the whole subject is handled in a manner that has been highly commended. 

III. Quantitative Analysis: The treatment of the suliject is such as to afford 
an acquaintance with the best methods of determining all the principal elements, as well as 
with the most important type-processes both of gravimetric and volumetric analysis. 

The explanations are direct and clear so that a pupil is enabled to work intelli- 
gently ez!eii without the constant guidance of the teacher. By this means the book is adapted 
for self-instruction of teachers and others who require this kind of help to enable them to ad- 
vance beyond their present attainments. 

IV. The Laboratory Handbook : An annual publication containing many 
convenient tables for laboratory use. New tables are constantly introduced, and changes are 
made in order to keep the matter abreast of the latest discoveries. 
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PREFACE. 



This little book lias been prejiared as a popular introduction to the 
study of chemistry. 

It is probably needless to recommend the subject : cliemistry is rec- 
ognized as a science of such general interest, such wide usefulness, and 
such universal application, that no intelligent person can endure long to 
remain ignorant of its principal facts and laws. 

Tiiis book treats principally of the non-metuJs ; it is believed to be 
the verdict of authors and teachers of experience, that these furnish the 
most suitable material for a beginner in the study of chemistry ; tiiese 
best present the fundamental facts and principles of the science, and tliey 
do it in connection with objects and phenomena easily accessible to almost 
every civilized human being. 

The author contemplates the preparation hereafter of a book of sinn'- 
lar general character, only Iiaving its principal facts drawn from the chem- 
JBtry of the metals. 

In writing tliis book it lias been the effort to treat the snlyect in a 
style that shall be attractive to the general reader ; but it is believed that 
in no case has scientific fact been sacrificed in the interest of popular form. 

Tlie arrangement of matter in tlie book is in accordance with the f il- 
lowing plan : After the introductory chapters, which present tlie general 
principles of chemical action, the chief non-metals are treated in a scientific 
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order as follow.'- : the monnds, hydrogen, chlorine, bromine, iodine, and 
fluorine ; then the di/ads, oxygen and sulphur ; next the triads, boron 
nitrogen ; finally the tetrads, carbon and silicon ■ thus including the four 
great grou2)s into which the non-metals are naturally arranged. 

The historical and hiograjoliieal sketches, that are distributed 
through the book, have been introduced with the view of legitimately 
helping to retain the reader's attention. Most of the experiments described 
are such as may be performed by any one jjossessed of reasonable skill ; 
it is believed that they will afford profitable instruction as well as enter- 
tauunent. Allusions to the applications of chemistry to tlie affliirs of 
e\'eryday life have been carefully introduced and have been developed as 
fully as the circumstances seem to warrant. 

Perhaps some comment ujion the reading references (pji. 10, 17, 
24, 27, 31, 38, 45, 5G, 73, 84, 98, 111, 116, 133, 1.5G, IGl. 180. 196, 
214,) is proper. They are largely from periodical publications, and it 
is thought that they M'ill be of service, esiiecially to mature students. 
Helps to reading are now A-iewed as among the most important offerings of 
teachers to learners. The reading lists in this book point out some papers 
which are selected as being chiefly popidar in style ; if these lead the 
reader to consult the others be will find himself introduced to some of 
the most important contriliutions to the knowledge of our science. 

Brown Univeksitt, August, ls8i. 
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CHAPTER I. 



THE SCOPE OF CHEMISTRY. 




HEMISTRY treats of all kinds of material Bubstances. This is 
a very broad assertion, but it appears to be true. The soHd 
rock matter of the earth and the wealth of lining animal and 
vegetable substances iijion it undergo all their varied changes in 
subjection to chemical laws. The same is true of the water and of all liquid 
things -we know ; and the declaration applies 3'et furtlicr to the in^'isible 
gaseous mass which surrounds and envelopes our terrestrial globe. Tills 
deeper but thinner ocean which we call the atmosphere is also governed 
by cliemical law in all its varied relations to tlie living beings as well as to 
the inanimate substances that have their existence within it. In tliought 
we may ascend above these solid licpiid and gaseous substances connected 
with our earth. When tluis we reach out to the lieavcnly bodies beyond, 
we feel sure that these, possessing as tlicy may, solid, liquid or gaseous 
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matter, are likewise controlled by chemical laws, and that in their 
changes they exemplify with more or less fulness, distinct chemical princijjles. 



The Great Number of Different Substances in the Earth. 

Here then it is intimated that chemistry relates to an enormous number 
of substances. In tact the number of the various kinds of matter already 
existing on our earth is so great that they liave never been so much as 
counted, much less described, in any list or volume; nay more, doubtless 
many exist that human beings have never recognized at all. This last 
statement refers not merely to such substances as may be known 
only to savages dwelling beyond the reach of civilization and com- 
merce, nor yet to such as may be secreted in absolutely iminhabited por- 
tions of the globe, nor even to those that exist so deep in the earth that 
man's power may ne\er be sufficient to reacli them. Probablv even 
some of the most humble and familiar natural things, such as blades of 
wheat, petals of daisies, silks of corn, and the like, contain small 
cpiantities of distinct and separate compounds that have not yet been recog- 
nized as such by e\en the most skillful chemists. 

But even compounds such as are described in books on cliemistry 
are exceedingly numerous ; and further, the chemical laws now known 
suggest the possibility of producing artificially a great nmltitude of sub- 
stances not yet recognized, and even more than have yet been produced in 
the great laboratory of nature. 



How it Happens that there is such a Variety. 

By searching aright in- the secret of the countless number and the 
rich and splendid \ariety of beings that nature and art present to the curious 
gaze of man, a comprehensive answer is at last obtained. 
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Forms of ordinary matter may l)c compared to great cathedrals, like 
those of Cologne and of INIilan, Avhich ha\ e been growing for centuries 
and which by the combined labor of artists and artisans have at length 
become intricate and beautifid structures, the admiration and delight of 
tiic beholder. Just as these arise from the combination in a nudtitude of 
ways of a comparatively small number of original and fundamental sub- 
stances — like stone, brick, iron, copper, plaster, glass, wood — so all things 
known to chemists are made up of a few simple substances, either existing- 
alone or in richly various combination. 

The simplest substances when alone are called the chemical elements 
or elementary substances ; the things resulting when different elements are 
united together are called cowj^iowuls. Thus metallic iron is one familiar 
example of a chemical element ; the oxygen gas of the atmosphere is 
another example. A piece of iron exposed to damp air soon becomes 
changed to a mass of iron rust. This rust is a compound; it is made up 
of iron and oxygen united together. 

In the light of what has been said the chemical elements assume a 
new and grand importance : they are the individuals chosen by the Creator io 
be the foundation stones and the essential constituents of the glorious natural 
edifices of his handiwork. 

Again when the elementary individuals unite together they do so by 
reason of the interaction of many and complex forces which reside, almost 
like soul and spii-it, within the elements. 

These last remarks suggest the two-fold character of chemical study. 
It involves. First, the examination of elementary substances and their 
compounds. Secondly, it recjuires a consideration of the many general and 
special laws and forces which determine the various possible combinations. 



10 CIIEMISTR Y. 



READING REFERENCES. 



In general, tlic fii'st-nientioned books in each group are tliose wliic]i 
are most accessible and at the same time most serviceable. Some rare and 
costly books are mentioned, for the benefit of persons who have access to 
laro-e libraries. 



Chemistry, General and Applied, Serial Publications. 

Chemical News. (William Crookes, Ed.) London. Weekl}-. (Commenced 
18C0.) 

Popular Science News and Boston Journal of Chemistry. Boston. Monthly. 
(Commenced 1807.) 

Journal of the Chemical Society. London. Monthly. 

Index to foregoing. 1841-1872 ■. pp. 2fi3. 

Annales de Cliimie et de Physique. Paris. Monthly. 

Table des Tomes I a XXX. (1841-1851.) Paris, pp. 134. 

Table Analytique des Tomes XXXI a LXIX. 3d Series. (1851-18G3.) Paris. 

pp. 474. 

Table des Noms d'Auteurs et Table Analytique des Matieres. (1864-1873.) 

4th Series. Paris, pp. 2411. 

Berichte der Deutschen Cheraischen Gesellschaft. Berlin. (Commenced 18C8.) 
20 parts per year. 

Wagner, .Johannes R v. — .Tahrcs-Bericht iiber die Fortschritte und Leistungen 
der chemi.'^chen Technologic. Leipzig. Annual. (Commenced 1855; last vol had 
1,332 pp.) 

Index to foregoing. Vols. I-X. 

" " Vols. X-XX. 

Dictionaries of CInemistry, etc. 

Watts, Henry.— Dictionary of Cliemistry and the allied branches of other sciences. 
8 vols. London. 18l.;5-1875. 

Storer, Frank II. — First Outlines of a Dictionary of Solaliilities of Chemical 
Substances. Cambridge. 18G4. 

Wurtz, Ad. — Dictionnaire dc Chimie, pure et appliquce. 3 vols. Pari.s. 1870. 

Fehling", Hermann v. — Neues IlandH-iirterbuch der Chimie. A to Morphin. 
Braunschweig. 1871 — now issuing. 



THE SCOPE OF CHEMISTRY. 11 



General Treatises on Chemistry. 

Roscoe, H. E., and ScUorlemmer, C. — A Trealise on Chemistry. London and 
Kew York. 1878. Vol. I, pp. 771; Vol. II, part I, pp. 504, part II, pp. 552; Vol. 
Ill, part I, pp. 724. (Now issuing.) 

Cooke, Josiali P., Jr. — Principles of Cliemical Pliilosopliy. Boston. 1881. 

Gmelin, Leopold (Henry Watts, Tr.) — Hand-Book of Chemistry. Printed for the 
Cavendish Society. 14 vols. London. 1848-18nO. 

Graham-Otto's Ausfiihrliclies Lelirbuch der Cliemic. C vols. Braunscliweig. 
1857. 

Schutzenberger, P- — Traite de Chimie generale. 3 vols. Paris. 1880. 



CHAPTER II. 



THE ELEMENTARY SUBSTANCES. 




X tlie following page is a list of the sixty-six elementary sub- 
stances now generally recognized as such. Their respective 
symbols and their atomic weights, both in exact and approximate 
J numbers, are also given. 
These substances, then, nearly seventy in number, are those from 
which are made uj) all material things now known to man. AVhile it is 
not necessary for any one to retain such a list in memory, every person 
who desires any considerable knowledge of chemistry should be accj^uainted 
with each name and the symbol attached to it, and should know something 
of the natural sources and the projaerties of the substances designated. 



Six Suggestions Conveyed by this Table. 

A careful and intelligent reading of the list affords several important 
suggestions. The following are some of them : — 

First. The elements are not very numerous. They are in fact 
very few, as compared with the countless niuuber of substances they may 
form by their proper comljinations. 

Second. Tliey are however sxifficiently nuinerous to produce the 
many substances recognized in nature. For, consider how human 
language may have many words and yet all these may be spelled out Ijy 
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The Chemist's Elementary Substances. 



Aluminum. 
Antimony.. 

Arsenic 

Barium. .. 
Bismuth . . . . 

Boron 

Bromine . . . 
Cadmium. . , 

Caesium 

Calcium 

Carbon 

Cerium 

Chlorine . . . . 
Chromium. . 

Cobalt 

Copper 

Didymium, . 

Erbium 

Fluorine 

Gallium 

Crlucinum. . . 

Gold 

Hydrogen... 

Indium 

Iodine. . 

Iridium 

Iron 

Lanthanum. 

Lead 

Lithium 

Magnesium, 
Manganese . 
Mercury 



Atomic Symbol, 



Al 

Sb (Stibium) 

As 

Ba 

Bi 

B 

Br 

Cd 

Cs 

Ca 

C 

Ce 

CI 

Cr 

Co 

Cu (Cuprum) 

D 

E 

ri 

Ga 

G or Be (Berj-llium) 

Au (Aurum) 

H 

In 

I 

Ir 

Fe (Ferrum) 

La 

Pb (Plumbum) 

Li 

Ms 

Mn 

Hg fHyiJrargyrum) 



F.tact 

Atomic 
nvifjbt. 


If 

■5*2 
< 


27.0090 


27. 


119.9550 


120. 


74.9180 


74.9 


136.7630 


136.8 


207.6230 


207.5 


10.9410 


10.9 


79.76S0 


79,8 


111,8350 


111,8 


132.5830 


132.6 


39.9900 


40. 


11.9736 


12. 


140 4240 


140.4 


35.3700 


35.4 


52.0090 


52. 


58,8870 


58.9 


63.1730 


63.2 


144 57.30 


144 6 


165.8910 


165.9 


18.9840 


19. 


68.8540 


68.9 


9.0850 


9.1 


196.1550 


196.2 


1.0000 


1. 


113.3980 


113 4 


126.5570 


126.6 


192.6510 


192.7 


55.9130 


65.9 


13J.5260 


1.38.6 


206,4710 


206.5 


7.0073 


7. 


23.9590 


24. 


53.9060 


53,9 


199.7120 


199.7 



Molybdenum 

Nickel 

Niobium. . . . 
Nitrogen.. . . 

Osmium 

Oxygen 

Palladium.. . 
Phosphorus. 

Platinum 

Potassium . . 
Rhodium. . . 
Rubidium.. . 
Ruthenium . 
Scandium, . . 
Selenium. . . 

Silicon 

Silver 

Sodium. ... 
Strontium.. . 

Sulphur 

Tantalum. . . 
Tellurium. . . 
Thallium. .. 
Thorium ... 

Tin 

Titanium. . , . 
Tungsten. . . 
Uranium .... 
"S^anadium . . 
Ytterbium , , 

Yttrium 

Zinc 

Ziiconiiim , , 



Atomi Symbol. 



Mo 

Ni 

Nb 

N 

Os 

O 

Pd 

P 

Pt 

K (Kalium) 

Rh 

Rb 

Ru 

Be 

Se 

Si 

Ag (Argentum). . . 
Na (Natrium) ,. . . 

Sr 

S 

Ta 

Te 

Tl 

Th 

Su (Stannum) 

Ti 

W (Wolframium). 

U 

Va 

Yb 

Y 

Zn 

Zr 



Exact 
Atomic 
\Veieiit. 



95..5270 

57.9280 

93.8120 

14 0210 

198.4940 

15,9633 

105 7370 

30.9580 

194.4150 

39.0190 

104.0550 

85.2510 

104,2170 

43.9800 

78,7970 

28,1950 

107,6751! 

22 9980 

87,3740 

31 9840 

182.1440 

127.9600 

203 7150 

233.4140 

117.6980 

47.9997 

183.6100 

238,4820 

61 2-560 

172 7610 

89 S160 

04,9045 

89.3670 
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combinations of few letters. Some English dictionaries register over a 
hundred thousand words, yet tliese are all made by the combinations of 
less than thirty letters. Now it is easy to coniprehend how the few letters 
of an alphabet may Ije even still further combined in various ways so as to 
produce additional words almost witliout limit : in a similar manner it may 
be easily imagined that the sixty-five elementary substances have anijjle 
capabilities for giving rise not only to the compounds now known, but to 
yet more and more, almost without limit. It is true that the chemist dis- 
covers that some of the chemical elements appear to have a limited power 
of union, but in others he finds an apparently unbounded capacity to 
tbrni new arrangements and combinations. 

Third. The elements (ire mosthj t(nco'inmon. Only about one- 
sixtli of them possess names that are familiar to ordinary readers. Thus 
carbon, copper, gold, iron, lead, mercury, nickel, silver, sulphur, tin, zinc, 
are almost tlie only ones in the list that can be said to suggest familiar 
things. Indeed some members of this list exist in the earth in extremely 
small quantities ; but man by his ingenuity and industry has gathered up 
e\en these and brought them near to the hand of every civilized being. 
Thus gold exists in the earth — so far as man has access to the earth — in only 
Aery minute amounts ; yet gold has a multitude of common uses beside its 
em[iloyment in coinage. Various forms of decorative art, like gilded letter- 
ing on books, aftbrd familiar examples. So also mercury, which in the 
ordinary thermometer is very familiar to every one, exists in the earth in 
but minute amounts. 

Wlien the ciiemist examines still more narrowly the composition of 
the terrestrial globe, he discovers an inequality yet more extraordinary 
than that hinted at. Thus it appears that probably one-half of our entire 
planet consists of a single substance (that is, oxygen) and that one-quarter 
of it consists of another single substance (that is, silicon). Since an 
amount equal to three-quarters of the earth's matter, I)y weight, is made up 
of l)ut two elements, the remaining ones must necessarily exist in much 
smaller proportions. 
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The following table, given by Roscoe and Schorlcmnier, shows the 
average composition of the earth's crust — so far as it is accessible to human 
investigation by means at present known : 



Percentage Composition of the Earth's Solid Crust 

(by Weight). 



Oxygen, 


44.0 t 


4,S.7 


Silicon , 


' 22.8 


36.2 


Aluminum, 


9.!l 


6.1 


Iron, 


9.9 


2.4 


Calcium, 


6.6 


0.9 


jMagnesium , 


2.7 


0.1 


Sodium, 


2.4 


2.-5 


Potassium, 


1.7 


3.1 



per cent. 



100.0 100.0 

According to this table, the sum total of the amounts of all the ele- 
ments not mentioned may be estimated as less than one-tenth of one per 
cent, of the whole. This statement is rendered all the more striking Avhen 
it is considered that in this minute fractional part must be included all coal 
and all the useful metals, except iron. 

Another authority* declares that it is probable that an amount equal 
to ninety-nine one-hundredths of the entire weight of the solid, liquid and 
gaseous matter of our globe, is made up of only thirteen elementary sub- 
stances. The elements referred to and their relative proportions are 
approximately represented in the diagram following : 



♦Professor J. P. Cooke. 



Ifi 
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Diagram of the Composition of our Globe (by Weight.) 



SILICON, \ 


SULPHUR, in'DEOGEN, 
CHLORINE, NITROGEN, 


53 OTHERS 


POTASSIUM, SODIUM, 
IRON, CARBON, 


ALUMINUM, ^ 

MAGNESIUM, M- 
CALCIUM, ) 


OXYGE.V, I 



Fourili. Most of the elements are metals. Tliis may not appear 
to the ordiiiaiy reader until he is informed that terminations iu um, as 
in case of akiminum, barimn, cadmium, cahnnm and others are intended 
to suggest that tlie substances so designated are metals. INIost of the other 
elements liaving names not terminating in vm are called non-metals. 

Fifth. Each chcni'icaJ element has an atomic symbol, an abridge- 
ment, in some form, of its name. 



THE ELEMESTARY SmSTAXCES. 17 

Sixth. Each chemical element lius an atomic weicjlit. ^Vs tlie 
atomic weight of liydvogeii is 1, without any traction, it is easil}' understood 
that the weight of one atom of iiydrogen is taken as tiie unitof tiie system. 
An inspection of the nnmbers given sliows that in many cases tlie atoms 
weigh amounts that are very nearly exact nudtiplcs of the weiglit of an atom 
of hvdron-en. 
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CHAPTER 111. 



NAMES AND SYMBOLS OF ELEMENTS. 




XY history of the chemical elements, distinctly points to the 
enormous stride which chemical discovery has taken within 
the last hundred 3'ears. The dawn of this period was marked 

J by many mcjst important results : among these may lie men- 



tioned the detection of the elementary gases, oxygen, hydroge*i and 
nitrogen. The light which these great e\'ents threw upon the future of 
the science enabled the chemists of that early period to perceive that 
the number of new compovmd substances then discovered, and likely 
soon to be discovered, called for a multitude of new terms. In 1787 the 
eminent French chemist, Lavoisier, in committee with Guyton de jMorveau 
and others of their chemical associates of the French Academy, suggested 
a sj^stem by which a considerable number of chemical compounds, Ijoth 
then known and thereafter to be discovered, might be provided with names 
at once convenient and suggestive. This system, slightly modified and con- 
siderably extended — to accommodate the yet more widely expanding needs 
of the science — affords the basis of the chemical language of to-day. 



A Few Principles of Chemical Language. 

It is proposed to explain here a few of the first principles of chemical 
nomenclature and notation ; that is, to present a few of the rules by which 
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■si^nitit lilt anil useful nfinics and si/mbols are jirovided. These -will lie 
t'ciiiiid to meet tlie Avaiits of hitherto iiiaecuratel}- known substances, and 
e\en of those fnrnierly unknown. 

Flr^t: the indites of elementary suhslances long known are 
retain.ed. Thus, u'old and silver are metals that were known in the earliest 
historieal periods, if not in jireliistorie times ; their names, therefore, still 
remain in tise. 

Second: the discoverers of neio elementary sabstcmces assign the 
names. In so doing, they usually invent a name that suggests mme fact 
connected with the substance itself. Thus the name nitrogen is derived 
from two Greek words l^virpm, nitron, mineral alkali, and yz-r^dw, gennao, 
I produce) carrying the suggestion that the gas is one of the constituents of 
nitre. Tiie name hydrogen is is derived from two Greek words (uvcup, 
Iiifdor, water, and ytwdw, gennao, I produce,) indicating that wherever 
water exists, liydrogen is an essential constituent of it. So the name 
chlorine is derived from a Greek word {ylwpuq, chloros, green,) which 
reminds the chemist of the fact that chlorine gas possesses a greenish color. 
The substance oxygen, however, was named in a different manner. Its 
name is deri^-ed from two Greek words (o|6-, oxijs, acid, and ^evi-atu, 
gennao, I produce,) signifying a generator of acids. It appears then, 
that in this case the name is based, not on an easily verified fact, but upon 
a theory, current when oxygen was discovered, of the action of the sub- 
stance in cpiestion. In a certain sense a name thus formed may be 
considered ill-ad\ised. Thus in the case in hand it has turned out that 
while oxygen is a constituent of a majority of known acids, it is not 
essentially an acidifying substance : many acids are known tjiat contain no 
oxygen at all, and again there are a multitude of compounds containing 
oxygen that are not acids in any proper sense. 

TJiird ; newly discovered metals are usually given names which, 
while they suggest some property of the substance, have in addition 
tJie termination, urn. Tiuis the metal thallium derives its name from a 
Greek word (odlh,-, thallos, a green twig,) which carries tlie suu-oestion 
of the fact that thallium and its compounds when higlilv heated e\o]ve 
light of a delicate green color. Again caesium, a newlv discovered metal 
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has a name derived from a Latin Avord (caesint, l^lue,) -wliicli refers to 
the fact that caesimn and its componnds when higlily licated aiford liglit of 
a l)hie eiilor. Tlie termination iim is vised for metals, after the analogy 
of the Latin langnage ■which nsnally has its names of metals end in nm. 
Indeed the chemist often makt's nse of tlic Latin names of even those metals 
that have beenlono; known l)v more familiar ones. Thus for cold the Latin 
word aitrum is used, f(n' sih'cr the Latin word urcjentum, for lead the 
Latin word plumbum : it will );e seen later that slightly modified forms 
of these names are \cyx frequcutly employed 'when compounds of these 
metals are to he desiijnated. 



Symbols used for Atoms. 

Each elementarv substance, or, strictly speaking, the minute cpiantity 
of it represented bv the term one atom, may be designated in brief by a 
special letter or short group of letters called the symbol. The usual 
svmljol is the initial letter of the native or the Latin name of the substance. 
Upon examining the list of elementary substances at page 1.3, it will be 
seen that the following nine of the names begin with the letter c ,• of course, 
therefore, in eight cases at least, the symbol must contain an additional 
distinguishing letter : 

Accordinglv C indicates one atom of Carlson ; 

C"a " " Calcium ; 

C'd " " Cadmium ; 

Ce " " Cerium; 

CI '• " Chlorine ; 

Co " " Cobalt; 

Cr ■ ' " Chnnnium ; 

Cs " " Caesium ; 

Cu " " Copper(Latinwordc«^3rM)H). 
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It also appears tliat in tlie case of metals, like iron and copper, ]vno^vn 
to tlie ancients the symbols used are derived from the Latin names. The 
nse of these symbols made from letters — and therefore called literal sym- 
Ijols, from the Latin word litem, a letter — will become apjiarent as the 
reader advances ; but it is easily perceived that they afford a convenient 
abridgment of the lono-er titles of the elements. 

Tlie use of literal symbols as an abridgement of the chemical nomen- 
clature ■was first proposed by Berzelius, a S^vedish chemist, whose eminence 
in every branch of the science was such that the suggestion here referred 
to constitutes one of the least of the many and substantial grounds on 
which liis fame rests. 
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CHAPTER IV. 



CLASSIFICATION OF THE ELEMENTARY 
SUBSTANCES. 




N gpeakiiio- of the clementaiy substances some of them have been 
referred to as metals. What tlien is the exact idea eon\eyedby this 
designating term ? Everyone can reathly picture in his mind some 
metal or metals like gold, silver, tin, zinc and others that have 
certain common characteristics, such as great weight, and the peculiar bril- 
liancy and power of reflecting light which is described as metallic lustre. 
Another well marked and widely recognized characteristic at once thought 
of is the facility with whicli the substances ordinarily known as metals 
may be beaten or rolled into thin layers. This property, called malleability, 
(a word derived from the Latin word malleus, a hammer,) is not pos- 
sessed in any striking degree by substances other than metals. Thus sul- 
jjhur is not malleable : quite the contrary, it is very lirittle. Charcoal, which 
cimsists mostly of the elementary suljstance called carbon, is likewise not 
malleable ; neither of these last two substances would be likely to be con- 
sidered by even an ordinary observer as metals. In fact they are classed 
as non-metals by the chemist. This division of the elementary substances 
into metals and non-metals is dwelt upon, not because it can be called a 
very important one, but because it is widely used in woi'ks on chemistry 
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and because in (leeidiiig- to which of these two chisses a given substance 
belongs, ultimate dependence must be phiced upon its chemical character- 
istics ratlier than upon its mere mechanical properties. 

The Meanings Associated with the Term Metal. 

Tlie principal properties referred to are best presented in three 
groups. 

First. ^Metallic Properties dissociated with jMechanical 

ReJufions. 

An elementary substance accepted as a metal must possess the 
property of existing in a solid condition ; a weight rather greater than 
that of most well-known substances ; consideraljle hardness, malleability, 
ductility (that is the cajjability of being drawn out into fine wire). 

Second. Metallic Properties xissociated with Physical 

Relations. 

A metal should jiossess the metallic lustre ; the power called opacity, 
by reason of which it does not allow light to pass through it ; the noticeable 
capability of allowing heat to flow in it, called the power of conducting 
heat ; the ready capacity for allowing the electric current to flow in it, 
called good conducting power for electricity. 

Third. Metallic Properties dissociated with Chemical 

Relations. 

A metal sliould possess the pjower and the tendency to readily form a 
chemical imion with oxygen ; the chemical power to act upon compounds 
, containing hydrogen, in such a way as to turn the hydrogen out, and take 
its place in the old compound and thus form a new one ; the relationship 
towards the electric current such that when the element is sul:)jcctcd to the 
gah'anic batteiw, it tends to gatlicr about the negati^■e jiole — inconsequence 
of wliich characteristic it is usually called electro-positive. 
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But ivliile no known metal appears to possess the entire range of 
properties M'itli wliieh in thought the ideal one is endowed, e\ery substance 
classified as a metal should possess many of them. 

jVn illustration of what lias been said may Ije found in metallic mer- 
cury. From the fact thatimder ordinary conditions it is a liipid it is plain 
that mercury must lack certain of the metallic prciperties referred to ; tliat is, 
it docs not p)0ssess the solid form, it does not possess hardness, it does not pos- 
sess malleal)ility, it does not possess ductility. Yet if it is cooled to a low 
temperature — about forty degrees below zero — it freezes, in other words 
becomes solid ; tlicn it possesses many of the distinctly metallic features that 
it necessarily lacks wlien in the ordinary liquid condition. Of course this 
liquid condition is a mere incidental circumstance, due to tlie temperature 
which ordinarily prevails upon our earth. If oin- ordinary temperature 
were slightly lower than forty degrees below zero, mcrcmy would then be 
counnonly known as a solid, hard, lustrous, hcavv, malleable metal — 
capable of course of melting with a sliiiht accession of heat. 

As a further illustration, in a somewhat diiferent direction, mention 
maybe made of the metal lithium. This substance cannot be called heavy, 
since it is lighter than Avater : indeed it is the liglitest solid known. But 
on the other hand it possesses in a striking degree those chemical featm-es of 
metals, such as strong affinity for oxygen and tendenev to combine with it, 
which have already been detailed in our definition of the ideal metal. 



The Term Non-metab 

The term non-metal is suggestive of a negatixe idea, and not of any 
definite t)r positive one. In fact it is intended to intimate that elementary 
suljstances of this class are those which do not properly belong to the other. 
iSulphur and carbon have been already alluded to as examples of non- 
metals ; other non-metals, such as oxygen, hydrogen, nitrogen and chlorine 
among the gases, bromine, a li(|uid, and iodine, antimony, phospliorus amonr.- 
solids, are far less familiarly known to most persons. 
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CHAPTER V. 



COMPOUND SUBSTANCES. 




X a jM'cvions chapter a list of clcnicntarv substances lias liccn 
I yiven. All (ither matters kiKiwn are eonipounds. Friim 
what has been said already, it is evident that the Cdiiiponnds 
are very niinierdus, indeed that there is praetieallv no limit to 
tlie number of possible ones. These compounds are all made up l)_v the 
luuon of elementary substances in obedience to the peculiar chemical forces 
that reside within tliem. Sonic compomids \\a\c only two kinds of ele- 
ments : thcv are called binaries. Some compounds have three kinds of 
elements : they are called ternaries. Other compounds may liave four, 
five, SIX, or even more kinds of elements (grouped togetner to form one sort 
<:)f substance. In this place reference will be made principally to binaries 
and ternaries — that is to the compounds of the simpler forms of con- 
stitution. 



Examples of Binary Compounds. 



In discussing l)maries it -will l>e well to give at the outset tln-ec or four 
examples fur the purpose of illustration. 

_^Vr.s7. The gas kndwn as hvdrogen and tlie gas knuwn as chlorine 
have tlie jiower of combining chemically and prt)dueing an cntirelv new 

(3-J) 
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compound, a componnd different from hydrogen and different from cldorine 
yet containing portions of each of them. This compound is a binary 
since it consists of Init two kinds of elements. It has several names, 
one of which is Juidric oldoride. Tlie chemist frequently represents what 
is evidently the smallest possible quantity of this substance, and also its 
exact composition, by the expression 

HCl. 

It is plain that this expression means a minute portion of substance 
formed liy the union of one atom of hydrogen, (expressed by H,) and 
one atom of chlorine, (expressed by CI). 

Second. When sulphur burns in the air, it produces a blue flame. 
At the same time a new and peculiar gas is formed which is easily 
recognized by its choking odor, similar to that given off by a burning 
sulphur match. Now tliis odor is one of the properties of a new com- 
pound that has been formed : a compound different from sulphur, different 
from oxygen, yet containing them both and produced by the union of them. 
The compound is a binary because it contains but two kinds of ele- 
ments. It is called sulphur dioxide. The name is intended to suggest 
that there ai'C two atoms of oxygen to one of sulphur in the compound. 
This idea is further conveyed by the abridged system of notation so com- 
monly used by chemists. Thus by this system the smallest possible 
quantity of the compound in question is expressed as follows, 

SO., 

In this expression it is very plain that S stands for one atom of sulphur, 
and Og for two atoms of oxygen. 

Third. But sulphur may be made to combine with a still larger amount 
of oxygen than it takes when it simply burns in the air. Then it forms a com- 
pound called sulphur trioxide. This is still a binary, since it contains 
nothing but sulphur and oxygen, that is only two elementary substances. 
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Expressed in the briefer form the smallest quantity of this compound may 
be represented by the formula, 



SO 



3 



This expression means a compound arising from the union of one atom of 
sulphiu- and three atoms of oxygen. 

Fourth. When lead is heated to the melting point it is observed to 
become coated with a constantly increasing mass of a kind of ashes. A pound 
of tlic lead when heated in this way produces considerably more than a poimd 
of dross. The formation of this dross is explained by the fact that when 
lead is heated it really burns, though of course the rapidity of the burn- 
ing depends upon the amounts of heat and air to M'hich the lead is sub- 
jected. Evidently the lead, in burning, has something added to itself. 
That something is a gas which is ever present iu the atmosphere and which 
is called oxygen. The dross is a chemical compound of lead and oxy- 
gen. It is called plumbic oxide, and its smallest quantity is represented by 
the formula, 

PbO. 

In this fornuda it is easy to see that Pb stands for an atom of lead 
(whose Latin name is, pluntbum) , and O for an atom of oxvgen. The 
dross then is a binary compound. 

A multitude of such examples of Ijinarv compounds might be e'iven : 
prol)ably those already cited are sufficient for the present. It will be 
advantageous to the reader to carefully learn tlie names and the formulas 
of the l)inary compounds tlius far given, since they are selected examples 
which may be used again fin'ther on. 



Examples of Ternary Compounds. 

Tlic ternary compounds arc those which consist of three kinds of ele- 
ments ; of course they are more complicated in structure than the binaries. 
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This fact, however, must not deter the reader from the attempt to under- 
stand them at the outset, for the principal ternaries are acids and sahs, and 
everj-one knows that acids and salts are among the most important com- 
pounds which the chemist has to employ. 

As examples of ternary acids mention will he made of two of the 
principal ones used by the chemist. 

And tirst, nitric acid is a compound of hydrogen, nitrogen and oxy- 
gen. The formula of the smallest individual portion of it is 

HXO, 

These letters signify that nitric acid contains one atom of hydrogen, 
combined with one atom of nitrogen and three atoms of oxygen. Now 
tliis nitric acid forms a great many salts. A simple example may 
be found in that one containing silver. Thus when nitric acid and 
silver are warmed together, either a part or the whole of the silver dis- 
solves. A new substance is produced which is commonly called nitrate of 
silver. By the chemist it is oftener called argentic nitrate. Its solution 
mav lie dried into the form of a white crystalline substance, one that has 
lonu' Ijeen accepted as a member of the class of salts. Its formula is 

AgXOj. 

It is plain that this last formula is employed as a short Avay of express- 
ing- tliat tlie salt is a compound of more than one kind of clement — of three 
kinds in fact — and that these elements are in the proportions of one atoin 
of siher, one atom of nitrogen, and three atoms of oxygen. 

Priimise "was made to refer to two important acids ; salpliuric acid is 
the second one. Commercially this substance is by far tlie most important 
of all the acids. Indeed its manufactui-e is one Ijranch of the greatest 
chemical industry devised liy man — the alkali trade. E\idently it is 
important that tlie chemist slmuld be thorouglily acquainted with sulphuric 
acid, with its composition, its formula, its way of cliemicaljy acting on 
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Other substarces, and the things or products that it gives rise to when it 
has opportunity so to act. Now sulphuric acid has the formula 

This formula means that sulpluu-ic acid is a ternary, being made up 
of three different kinds of elements, namely two atoms of hydrogen, one 
atom of sulphur and four atoms of oxygen. 

Further sulphuric acid forms a multitude of salts. Thus it forms one 
containing silver. This is commonly called sulphate of silver, though the 
chemist generally calls it argentic sulphate. The formula of argentic sul- 
phate is 

Ag„SO, 

When this formula is firmly acquired by the reader so that he can 
readily compare it with others already mentioned, a certain simple and dis- 
tinct relationship may be traced. Thus comparing 

Argentic sulphate, Ag„SO^ 

with Sulphuric acid, H„SO 

it is evident that in the one, two atoms of silver have taken the places of 
two atoms of hydrogen that appeared in the other. And sucli is usually 
the case : when silver takes the place of liydrogen, it does so, atom for 
atom. Indeed argentic nitrate, AgXC^,, already described, illustrates this 
fact. It is a compound product closely related to nitric acid, HNO3, the 
only difference of construction l)eing that here also one atom of silver has 
taken the place of one atom of hydrogen. 



The Purpose of this Chapter. 

The pm-jiose of this cliaptcr has been to suggest a few facts respecting 
the nature of chemical compounds and also to show how the science of 
chemistry employs its peculiar language botli in its longer and shorter forms. 
This language is very com[)re]iensive. In fact it is too elaborate for full 



COMrOUND SrjBSTANCES. 3? 



explanation here. The plan contemplated is to give at this point a few 
hints as to its natnre and scope, and to develop it only so far as may be 
necessary to tlie succeedmg stages of our progress. 

It is proper to suggest at this point that no single scientific man 
— nor society of them — can enforce the use of any particular words upon 
the great body of chemists. For this reason, as well as for others, there 
still prevails the use of different chemical names for the same substance. 
Thus the compound of hydrogen and chlorine first referred to as represented 
by the formula H CI, has at least four widely used names : Jirst, a name 
merely suggestive of its component parts, that is hydric chloride ; second, 
names which suggests something in addition to its component parts, 
namely that it is an acid, thus it is called both chlorohydric acid and 
hydrochloric acid; third, an old fashioned name, which still retains its 
hold upon the commercial world, namely, muriatic acid. 

This same general principle applies to a gi'eat many other substances, and 
while it is true that it thus increases the number of names in the chemical 
language, it likewise incidentally enriches that language. For in many cases 
it has come to pass, little by little, that these different names are appropriated 
to slightly differing form,? of the same substance, and so the name employed 
often conveys to the intelligent chemist as definite a shade of meaning as 
do the different synonyms used in the descriptions of every day affairs by 
any accomplished author. A single example will elucidate this point. 
The term oil of vitriol would usually be defined as meaning sulphuric acid. 
But the words sulphuric acid convey, strictly speaking, the same meaning 
as the formula 

This latter substance, however, is of very rare occurrence alone : it is 
usuallv associated with varying quantities of water, and is then spoken of 
as sulphuric acid of varying degrees of dilution. Xo^v in commerce the 
term oil of vitriol has come to be appropriated exclusively to that dilution 
consisting of about 

89 per cent, of sulphuric acid, H0SO4 

witli 11 per cent, of water, U^O, 

both taken by weight. 
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CHAPTER VI. 



THE CONSTRUCTION OF SUBSTANCES. 




X order to imclerstand the chemical construction of substances 
it is necessary to consider three terms much used by the 
chemist : these terms are, 

Mass, 
Molecule, 
Atom, 
Evidently the words relate to three grades of magnitude in wliich mat- 
ter is capable of existing ; it is equally ])lain that of tlic series the mass 
represents the largest individual ])ortion uf substance, and the atom the 
smallest, while the molecule represents the intermediate one. 



The Chemical Use of the Term Mass. 



AVhoever looks about him sees substances existing in masses. This 
is true of Aast UKjuntain chains and equally true <>f the smallest grains of 
matter that arc recognized as the humblest cdnqjcinents of thuse 2>caks. 

But tlie smallest of these visi////- masses is made up (if paiticles 
Still mcire minute — yet jjerhaps of jirerisely the same kind. For the 
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chemist possesses means of subdivision of substances by -wliich lie may 
make them into minute fractionjil parts tliat are measurable and are all just 
alike, and he may continue this process long after the jiortions have 
sunk below the reach and range of ordinary vision. A lump of pure 
sugar as big as a cubic inch may be mechanicalhj divided by any one into 
many smaller ones, each little one being easily I'ecognized by the ordinary 
senses as possessing tlie sweetness, the crystalline consti'uction, the white- 
ness, the solidity, the brilliancy, the power of dissohing in water and 
indeed a great many other well-known characteristics that pertain to sugar. 
But the chemist is able to continue the subdivision of the sugar much further. 
This he does by recourse to processes not exactly mechanical th(.)Ugh closely 
allied to them : by processes often called j)hi/sical as distinguished from 
purely mechanical ones. He may thus reduce the sugar to fragments of 
such extreme minuteness that while they do not im[)ress our senses as 
larger portions do, yet each fragment is capable of displaying to a com- 
])etent scientific observer the certain and sure chemical properties that 
always belong to sugar, whether in large lumps or in small ones, and 
which in fact belong to nothing but sugar. 

iS2)eaking generally, all particles ])roducibIe by mechanical subdi\ision 
are masses, while the same is true of most particles producible by physical 
subdi\'ision. 



The Chemical Use of the Term Molecule. 

But there is a point where any attempt at further scientific subdivision 
results in a new and startling cliange : at tills stage the last individual that 
can properly be called sugar is dissected and loses entirely tlie character- 
istics of sugar. The fragments produced by the "wreck of the last particle 
are of a new kind. Tlicy are 



portions of carbon, 
portions of hvdroojen, 
jiortions of oxygen. 
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Tliis last particle of sugar is separated into its ultimate constituents 
only by chemical processes. This last particle before it is broken up is 
called the molecule, the word meaning a little portion. The single indi\idual 
thing it refers to cannot be detected by the eye, nor can it be in any way 
appreciated except b}' scientific means. But a cliemical change of the last 
multitude of molecules at once, is practicaljle to everybody, and it is to 
a certain extent recognized by every one who heats sugar until it turns to 
a charred mass. This charred mass is mainly carbon — one of the com- 
ponents of the now ruined sugar — and it is very unlike sugar in every way. 
The ciiemist can show that when sugar is charred, the oxygen and the 
hvdrogen go off mostly in the form of gases or vapors, and that on this 
account thev escape detection at the hands of all ordinary observers. 



The Chemical Use of the Term Atom. 

It appears then tliat tlie chemist is able to subdivide niolecides into 
smaller parts. But he finds that further division is at a certain stage 
forbidden him. He can take the oxygen out of tlie sugar, liut he cannot 
take anvthiuK but oxvgen out of oxygen ; he can take hydrogen out of 
su^ar. but he cannot take anything init hydrogen out of hy<h-ogen ; lie can 
take carbon out of sugar, btit he cannot take anything but carl)on out of 
carbon. 

As a residt of all chemical study of connnon sugar tlie chemist has 
fixed upon the following as expressing most chisely the facts as lie knows 
them : 

The fornuda 
of one molecide of pure cane sugar, is 

The chemical formula of any suljstance expresses much more than the 
reader would at first imagine. Thus the formula CioHojOn conveys at 
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once to the chemist ,i series of facts, some of wliicli may be amplified as 
follows : — one molecule of sugar contains three kinds of substance : carbon, 
hvdrofi-en and oxyo-en : — eacli t)f these kinds of matter exists in the moleeide 
in separate minute portions such as in tlie present state of human knowl- 
edge are divisible only in a limited 'way : thus the carbon of one molecule 
of sugar is diyisiblc into twelve jiarts, and no further \ 

the hydrogen of one molecidc of sugar is divisible into 
twenty-two parts, (ind no fiirlher ; 

the oxygen of one moleeide of sugar is divisible into 
ele\en parts, and no furllier. 



Definition of the Term Atom. 

Xow at last the atom has been reached. It is that portion of any 
kind of matter that is to human beings indivisible in fact. It has already 
been stated that there are only sixty-six different kinds of atoms, it appears 
then that there arc only sixty-sLx kinds of matter that at present cannot be 
chemically subdivided into different components. 

It is true that some persons consider that certain intricate chemical pro- 
cesses suggest that what have been here called indivisible atoms are them- 
sches really capable of yet further decomposition. Without attempting here 
to sustain or to demolish this proposition or to say what the future of 
chemical investigation may reveal, it maybe safely remarked tliat adequate 
proof has not yet been offered of the ability of any one to successfully 
accomplish a decomposition of the sixty-six atoms enumerated. 

Plainly then just as bricks may be made into a building, and a scries 
of Iniildings may make a city, and a series of cities may exist in a state, 
so atoms may combine together to form molecules, and molecules may 
cohere together to form a mass, and ^'isible masses may be placed side by side 
and give rise to tlie ordinary objects recognized about us. True the com- 
jiarison suggested is not strictly carried out in all paiticulars. But the 
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difficulty not a serious one : for a city might contain a multitude of houses 
each one so similar that no ditterence cordd be distino-uished between 
them, just as a mass of sugar does in fact contain molecules of which 
each one is so like its neighl)or that the most i-efined chemical methods dis- 
cover no diticrence between them. Again these same houses riiifjht be 
composed of combinations of brick and other materials diftering among 
themselves, but closely corresponding in every house. So the molecule of 
sugar docs contain atoms of carbon, hydrogen and oxygen, the atoms of 
one kind diftering distinctly and absolutely from the atoms of the otlier 
kind. 

But Ivere the parallelism seems to cease. For while all bricks and 
other components of a building are capable of being split into smaller por- 
tions, the atoms composing the molecule are found by the chemist to be 
absolutely indivisible in the present state of knowledge. 

Employing still further the illustration already in hand it may Ije 
added that just as the walls of a dwelling might contain bricks either of 
the same kind as to their color, shape and weight, or else diftering in these 
or other respects, so a molecule may be a little group of atoms of tlie same 
kind, or it may be a group of atoms of different kinds. Thus the hydrogen 
gas molecule is composed rf two atoms each just alike, and each being 
hydrogen. This molecule is represented by tlie formula 

H„ or H— II. 

So a molecule of chlorine gas is composed of two atoms eacli just 
alike and each being chlorine. This molecule is represented by the formula 

Cl„ or CI— CI. 



Everything Built up of Atoms. 

Now each of the sixty-six elementary substances has molecules com- 
posed of atoms, and each molecule of a given element is composed of atoms 
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of tlie same kind. And further all the A-ast and countless myriad of com- 
pound substances, whether buried in the heart of the solid earth, whether 
■dritting in the wandering courses of the ocean's currents, whether floating 
in tiie airy mass ^^liich is wrapped about our globe, Avhether com- 
ponents of distant planets of unknown constituents, whether parts t)f the 
seetliing mass which pours its volcanic torrents millions of miles out from 
the surface of our central sun — all these substances are constructed, so far 
as we know, of inconceivably minute atoms of varying kinds bound 
together fiy chemical attraction into molecules, the molecules being piled 
one upon another into those masses whose reaction our dull senses can 
appreciate. 



Atoms and Molecules Manifest Chemical Affinity. 



But to the chemist, atoms, molecules and masses possess an interest 
of another kind. Each atom and each molecule is endowed with an 
invisible, occult power called clteuucul acuity. This power acts like 
an unseen spirit possessed of likes and dislikes. By reason of it an atom 
of hydrogen for example instantly binds itself to an atom of chlorine 
whcnexer (jpportunity oti'ers, Ijut will never, even under the most tayorable 
circumstances, combine with an atom of gold. 

Finally this attracti\e force is a kind tif energy of which no true 
explanation can hv ottered. ^Vll tliat hinuan beings can do is to attentively 
study it as it manifests itself in tlie relations of clenu'ntary substances 
and compound substances one toward another. Indeed one of the principal 
ofiiccs (jf chemistry is to study these relationships as they develop. It is 
the multitude of possible relationshijis and actions of which the number- 
less substances known are ca])able, tliat gives to chemisti'v its gi-eat scope 
and variety and that makes it such a vast field for experiment, for dis- 
co"S'ery of facts, and for industrial ajjplieation of them. 
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CHAPTER VII. 



HOW CHEMICAL AFFINITY WORKS. 




T is an interesting fact that elements and compounds manifest 
an exceedingly great A-ariety of tendencies to combination. 
Fragments of matter, so small that no eye percei-\'es them, have, 
' wrapped up in themselves, a mnltitude of determinate powers. 
A gi-^en atom as of lead, for example, will Aery readily eomliiue with oxygen 
and with some other snbstances, but it seems to absolutely refuse to combine 
A\ith nitrogen. So hydrogen Avill C(.)mbine ^-ery readily with chlorine and 
witli manv other elements, but it refuses to form any union with silver and 
with manv other elementarv suljstances. It cannot be called a whim that 
determines the kind of clement or its amount that a certain sulistance Avill 
ciiniljine -with, though the likes and dislikes of atoms are in this respect 
cxct'cdingiy marked and even incomprehensible. But however impossible 
itmay be to explain an element's friendly or rmfriendly deportment toward 
another, it is jiossible in each case to learn tlie facts Avitli ccrtaintv, for 
each atom possesses its true indi^idualitv and is abvavs constant and con- 
sistent in its affiiuties and hates. 

It is tlie pm'piisi' of this cha])ter tn present in an (irderlv manner some 
of the peculiarities of this mysterious power of chemical athnitv. 

(46) 
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First. Each Kind of Atom Has Its Peculiar Ciiemical 

Affinities. 

Chemical affinity seems to reside within the a*'~m aL a permanent, 
ever jjresent and guiding energy. Thus while i.on oxidizes readily — 
that is manifests rmder a nndtitude of common conditions a willing- 
ness to comljine Avith oxygen and form a new compound called oxide of 
iron, and well-known imder the name of iron-rust — gold on the other hand 
oxidizes unwillingly ; indeed in order to get it to comljine with oxygen it 
must he coaxed by means of circuitous and carefully planned de\'iees. But 
these atoms are always consistent in their action, for iron under any and 
eyery condition oxidizes more readily than gold does, 



Second. Chemical Affinity Acts Only Under Favorable 

Conditions. 

While cliemical action often works with most intense energy it does 
so only when certain outside and incidental conditions are fa-^orable. Thus 
carbon lias under certain conditions an affinity for oxj'gen and manifests 
its tendency to combination, with an intensity that is scarcely surpassed. 
In order howeyer to awaken and yi-^ify the dormant inclination it uuist lie 
stimulated Ijy certain definite and fayorable conditions ; the most important 
of these conditions is a certain amount of warmth. The stores of fuel in 
our cellars — the coal and the wood and all other combustible things — are 
surrounded by great quantities of oxygen ■\^'llil■h winds its way, a\ itli rwvy 
slightest stir of the mobile air, in and out through all the creyices tliat tlie 
fuel affords, passing continually in the immediate neighborhood of ample 
c^uantitics of atoms of carbon. But it does not oniinarlly unite \\ith tlicni. 
Subject tlie whole or any portion of these coniliustil>le things to a sliglit 
rise in temperature — then the atoms of oxygen and tlie atoms of I'arbon 
seem to arouse themselyes from repose : they unite in friend!}- and firm 
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grasji, and what is called chemical union takes place. To the ordinary 
obser\'er the heat that is produced is the most notable sign of this kind of 
combination. The chemist, however, discovers a yet more conclusive 
e'\'idence, for he find? that several kinds of new molecules have been pro- 
duced ; one of these kinds, for example, is expressible by the name carbon 
dioxide and by the formula C0„. Evidently this formula means that each 
atom of carbon has united with two atoms of oxygen. In this familiar 
example heat is the agency that stimulates the atoms to a display of the 
chemical force that pre^'iously was slumliering within them. 

Liiiht and the electric cm-rent and the vital forces of animals and 
plants, though acting in a manner less familiar to us, are energizers of 
chemical affinity and all have their proper influence to make atoms join in 
imion ; indeed in some cases they make atoms biu'st from each others bonds 
and fly away to more congenial conditions. 



Third. Each Atom Has a Certain Equivalence or Atom- 
Fixing Power. 

The chemist also recognizes each atom as possessing certain peculiar 
numerical preferences in its combinations ; a manifestation of chemical 
affinity called ecpiivalence. Thus when carbon burns in a stove, by 
reason of the air passing by it on its way to the chimney, it seizes 
ujion some of the oxygen atoms and binds a definite number of them to 
itself. If there is much air, each atom of carbon of the millions present, 
jiicks out two atoms of oxygen from the air ; if there is but little air, each 
atom of carbon has to be satisfied with one atom of oxygen. Now in these 
two cases of coiu'se different substances are formed. The first, whose com- 
position is represented by the formula C0„, has already been spoken of as 
carbon dioxide. To the other, whose composition is represented by the 
fonnula CO, is applied the name carbon monoxide. Here then we sec that 
the mme atom may sometimes combine ivith two atoms of oxygen and 
sometimes ivith only one. 
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Further the eliemist knows four siiiijile and familiar compounds wliose 
molecules illustrate ^■erv strikiuyly the ditt'erencc of e(jui\'alencc of differ- 
ent atoms. These eompomids are tlu' following : 

C'hlorohvdric acid ( I h'drie chloride ) , IICl or H-Cl 



II- 
Water ( Ilydrie oxide) , II, () or [- O 



11-^ 

^^- ? - 

Ammonia gas ( Ilvdric nitride) , H.^^^ or II->^^ 

n-) 

"-] 

Marsh ii:as ( Ilvdric carhide ) , II^C or II- )>C 

II- 
II- 

It has beeen found advisable to adopt the atom of hydrogen as the stand- 
ard of equi-s aleuce or atom-hxing power. It is plain that by this method 
of comparison the atom chlorine may be said to have the equivalence one, 
since it combines Avith one atom of hydrogen. And so the atom oxygen 
mav be said to have the eqnivalence two, since it combines with two atoms 
of hj-drogen. And the atom nitrogen may be said to have the equivalence 
tliree, since it combines with three atoms of hydrogen. And the atom 
carbon mav l)e said to lia^e the equivalence four, since it combines with 
four atoms of hydrogen. 

The lano-uari-e of chemistrv sometimes presents the same observed facts 
in a sli'ditlv different firm, somewhat as follows : Chlorine is said to have 
one point of attraction and is called a monad (a term derived from tlie 
Greek word iimd', monax, a unit). Oxygen is said to have twi.i points of 
attraction and is called a dyad (a term derived from the Greek root '"j'i;-, 
dijas, two). Nitrogen is said to have three points of attraction and is 
called a triad (a term derived from the Greek Avord rnM-. trios, a group of 
three). Carbon is said to have four jioints of attraction and is called a 
tetrad (a term derived from the Greek word rtr/xi:, tetras, four). 
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AVhilo livilrogen as the l)a.sis of the system lias the iiiiiforni ei|ui\alenee 
one, ami is alwavs a monad, and (jxyu'en its ehjse friend and ally has always 
the eiini\'alenre two, and is always a dyad, most other elements lune some 
\-arietv of eijiii^alence. Tims clilorine has at different times 'ditfe'rent 
e<jni\'a]enccs, sometimes ojie, sometimes ("Z/ree, ovjivp, ov seven. So nitro- 
LCen has at different times the different equivalences, one, three, five. So 
earhon lias sometimes an e(jui^•alenee tico, sometimes yoisr. 



Fourth. Chemical Changes Neither Create nor Destroy 

Matter. 

AMien ehemieal ehanu'es are produced hy reason of the action of 
ehenneal atfinitv, tlu're is ne\er eitlier gain in iveii^ht or loss in weight. In 
other words there is n(i creation of matter and no destruction of it. In 
t'ornier times, people \\\\n oliser\ed the disap[iearance of si.ilid matter A\Iien 
chai'eoul hums, thought that the sulistance was destroyed — parth' if not 
wholh'. Tlie m(jdern eheniist finds, however, that the carlion is only 
turned into the form of an iu^■isihle gas, and that liv the use of appropriate 
appliaiiees he can find the Aveight of this gas, and compare it ^\■itll that of 
till' earhon ]irodiicing it. In the coiiihustiiju of carbon the cheniieal change is 
rc[ireseiiteil \)\ the following e( (nation : 

C + Oj = COs 

One arniii of Two atoms of Oiir mokrule nf 

C'arhiin Oxygen Carbon di-oxide. 

1-i ?>-l 44 

)iiirt< by \vei£:lii, \\:\n^ liv wr-iolii. pai-t? by -vveiulit 



44 44 

Tills eipiation means that the chemist has discovered, bv careful 
experiments, that when any t\vel\"e parts liy weight of carbon — sav twelve 
pounils — are completely burned, they always unite ^\\i\\ thirtv-two cor- 
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respimiling parts cit' iixyu'i'ii (in this case tllil■t^■-t^\ n ikjuikIs). and tlu'V 
prcicliicc tiirty-t'iiur jiaits liy Axtiiclit uf <-arlMin di-dxiik' (in tliis case t'oitv- 
t'liur ]M)nn(ls ) . 

And s(i in all chcnii<'al chan^irs the sidistanees taking- jiait — wlieflier 
solid. li(|nid. lii- j.;aseiins — may lie \\ (.'i^hed, an<l the sum nt' the \\cii;hts (if 
all the '.natters finally pnidueed is just equal to the sum of the \\eii;hts (if 
the (iriu'inal faetdrs. 

Fifth. Chemical Changes are Often Attended by 
Displays of Force. 

In manv ehemical ehanu'es the nni(jn of the atdms is atteiide(.l with 
the [)f< id actio II (if heat, or ele(_'trieit\", or some other form of enerii'v. 
No"' it is a law derived from modern discoveries that the amoiuit of enerii'v 
L:-i\en out liv axw ehemical union is fixed and invarialile, and that it is just 
the same in ainoiuit as the ipiantity of that kind of enei'U'y that is aljsorfed 
when such elieniieal action is reversed. 

Sixth. Chemical Changes ProdLice Striking Results. 

Each of thi_' at(.uns of matter i- in its(df Hxed and unidianL;'(-'alile and 
it u(jsse-ses throiii^ii all its \aried comliinations an inherent eharaeter «"hieh 
lielouLi's to it and Avliich no human heiuL;' ('an [lermanently alter. 15ut 
when atoms luiite to lunld u[i either sim[ile or comiilex molecules, the 
\-ari(.ius oi'io-inal atomic chai'acters ai'e so lilended and lialanced and rein- 
tiin/ed as to afford in the niolecidar product an entindy new and imexpccted 
set of [ir(i[ierties. An exanqile of these jii'iiiciples is found in the union 
(if (■oiiper, sul[ihur, oxyp-en and hydrogen. These sulistances may comhine 
to form a new m((le(ail(/ which is called cupric sulphate, and whicji has the 
com[iosition exjn'cssed liv the fm-nnda 

, ' CuSO^-.-ill/) 

(Jf the constituents of this molecide, copper is red, sulphur is yellow, oxv- 
;/en is colorless, hvdr(.iuen is C(jlorless ; htit \\ hen they tmite the (Mipric sul- 
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pliatt' f'onued is blue, that is its color is not that of either of its constituents, 
ii(.)r is it intermediate between them. There is simply a new and unexpected 
result, and one which in the present state of knowledge cannot be explained : 
it can merely lie recorded. And this example is only one of a myriad. 
Tln-oughout nature chemical changes most marked — and to the human 
thought unexpected — arise from the union of lamiliar elementary substances. 

Seventh. Chemical Atoms Unite In Obedience to 
Definite Law. 

Careful chemical study of the way in -which atoms combine lias 
develo})ed the following as a fundamental law of nature. The same 
clieniical compound always contains the same kind and number of ele- 
mentary atiims, and these atoms are united in the same proportions by 
weight. This law is a formal statement of facts similar to those already 
referreil to in paragraphs tldrd and fourth of this chapter. It does not 
therefore seem to call for further explanation at this point. 

The Modern Atomic Theory. 

The same chemical study which has developed the truth of the law just 
stated has also given rise to the modern atomic theory. The chemist is con- 
strained to Ijelievc that matter is composed of ultimate indivisible particles 
called atoms. ^\'hile these atoms are invisible to mortal eye even with the 
help of the finest known optical appliances, yet when their existence is 
once admitted this admission affords an explanation that is a satis- 
factory one, and indeed the only one that harmonizes with the nudtitude 
of observed chemical and physical laws. 

This atomic theory, in its e!,.,ential particidars, was suggested in the 
early jiart ot this century by Dr. John Dalton, who was a teacher of 
mathematics in jManchester, England, and who died as recently as in liS44. 
I)alton fiund recreation in chemical experiments, and the mathematical 
turn of liis mind led him to express the results of his cliemical analvses in a 
new numerical form. Tlurs previous to his time it had lieen customar^" to 




John Daltun : 

Born at Eaglesfield, (England,) Sept. 5th, 17CG; died July 27tli, 1844. 
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express the coiiipositiun of ;ill siibstiinces in the ordiniiiy percentage form. 
IS'ow Dalton found that if some spaciul weiylit was adopted as the iDilt, 
a variety of new and pre\i(iiisl_y concealed facts \\-a.s re\ calcd. Tlie idea to 
be liere con-scyed is partially hut perha])s sutficiently exjiressed hy the 
following examples deri\ed from the two compounds of carbon already 
referred to : 

Composition of the Two Compounds of Carbon and 

Oxygen. 







i-:xri;KssKi) 


IX 


I'Ei; 


CEXT.s. 


C'arhon 

Carbon, 
( )xyg'en. 


Monoxide (CO). 

4,") — per cent. 
"»7 -f per cent. 

KM.) 




C 


irhoii DloxJde ( CO.,). 

i!7 ^ per cent. 
7.'! — per cent. 

Kin 





EXI'ltEy.SElJ IX 


DALTOX'.s FOIOl. 




(Jd.fhori 


Monoxide ( CO). 


Ci/rboii l>li 


xlde {CO.-,). 


(,'ai-b(in. 


12 parts l<y -weiglit 


\-I pai-ts 


bv weight. 


( )x-\gen. 


111 part.-, by weight 


;il' parts 


Ii\' weiglit. 




2^ 


44 





In l)alt(jn's expression it i,^ at once e\idciit that, a> {;onipa)'('(l \\ ilh 
the wcin'ht of carlion. the ammmt (if ox^-gcn in rai-boii dinxidc is exactly 
twice what it is in carb(.)n nwiKjxidc : but to the oriHn;.i'\' iuniialli< tnatical 
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mind this fact is buried in the percentage statement. Dalton's experiments 
with still other compounds gave him results showing a simplicity of 
relationships similar to that obtained from the carbon compounds just 
referred to. To liis mind these facts suggested immediately the idea tiiat 
an elementary suljstance is made up of atoms each of a determinate 
weight, and that these atoms combine by wholes and not by fractional 
parts, and that although it is impossil)le to weigh any atom se[)arately, yet 
the weight ratios of u multitude of them that combine as rolioles express, 
at once tiie weight ratios of the atoms themselves. He thus got the idea 
of atomic weights and constructed the first table of them. Since Dalton's 
first declaration of his atomic theory, the comljining numbers of the difler- 
ent atoms have been studied by cliemists with the most thoughtful care and 
the most painstaking methods kudwn to modern science ; and tables have 
been constructed showing the comljining numbers which are believed also 
to be the true atomic weio'hts for all the various elements thus far recoar- 
nized. 
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CHAPTER VIII. 



HYDROGEN. 



HIS gubstanre is cmo of the most interesting Avitli whicli tlie 
chemist lias to deal. On account of its chemical and ])h_vsieal 
properties, liv I'casoii of the many important compound suh- 
stanccs into "which it enters, hv reason of the ]iart it has 

plavcd in the liistorv of chemical progress, it is entitled to a large share of 

the student's attention. 




Meaning of the Word Hydrogen. 



The name hydrogen ^vas a])plied to it some time later than the first 
recognition of the substance. The 'word is deri\eil fi'om two Cireek woi'ds 
{''intiiy. ]iij(]oi\ -water, and /-^■^v«o», f/e);;/«o, I form or pi'oduce ) , tlie Avord as 
a Avhole meaning 'icidrr former. Jn fact livdrogcu is in all water vbercAcr 
tli.'it substance exists. Tliat this is a-\'ery eomprchensi\e expression appears 
-\\hcn it is remembered that the atmosphere alwaAS contains "^\ater diffused 
tlirouiili it in the form of iuM'sible -\npor oxen before that '\npor is ])rccipi- 
tated as (he gentle dcA\', or the crystalline snow, or the streaming i-ain. 

(58) 
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Agiiin, ^\atc'l■ in .-^cas and oceans, lakes and rhers, is tlie mantle iif nearly 
three-toiirths nf tlie earth's surt'aee. Kvery li\inn' lieini;' on tlie diy land, 
whctlier animal or ^eu'etahle, contains larii'e (jnantities of water in its 
strnetni'c : the lilood ot' the hij^'lier animals is nearlv nine-tenths \vater. 

^^'hile ANiiter is the jirineipal snhstance containing- hydrouvn, this uas 
exists also as a ennstitnent part of a great many other solid and licjiiid 
matters i'onnd in the earth. 



Why Free Hydrogen is not Found in the Earth. 

Ilvdrogen scareelv ever exists on onr gloljc alone, that is in the free 
or nneomhined condition. Indeed there are certain definite reasons why 
it should not. These are based mainly upon the ^ery strong cliemieal 
affinitv that hydrogen has for oxygen. Now, as has lieen declared already, 
the latter stibstance is the most abinidant clement in natiu-e, and it exists 
in A erv lar^'e qnantities in our atmosphere. Spread all o-\er the sm-fiee of 
the earth tlien. the free oxygen of the air stands prepared to combine with 
hvdros'en wlierever the latter may be liberated. Such eomliination might 
not o<-(an'. it is true, unless initiated by intinence of heat or some flame of 
fire : but owing to the constant agitation of the air by reason of unif )rm 
cm-rents like traile -winds, as well as those jjrodurcd whon the atmosphere 
is agitated bv -ciolent storms, any mixture of hydi'ogcn and oxygen Avould 
be likelv ,-oon to come into contact \\\\\\ some ilame oi- fire, ami -o t'lese 
components -woidd enter into combination. Tlnrs liydi-ogeit ^\llldd iKJt lie 
likelv to remain ](Jiig unrombined cww A\-i-re it pi-oduced in considerable 
quantit\- by natural tei-re-trial operation,-. 



TItb Discoverer of Hydrogen. 

Ilvdroo-en was fir-t distinctly dc-rrilicd ami it- |j|-Mpoi-tie- a> a special 
kmd of n-;i<e.ais matt<'r clearly jioiiUed out in ilie year ITlW.. bv an l-higli-li 
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chemist, tlie Honorable Henry Cavendish. This philosojjher, the son of 
Lord Charles Cavendish, and the grandson at once of the Duke of Devon- 
Bhire and the Duke of Kent, is one of the most curious characters in the 
histoi'v of the natural sciences. He was of an exceptionally careful, 
thorough and pains-taking temper, which Avell fitted him for the scientific 
pursuits which were the prime olijects of his thoughts. Sir Humphry 
Da^•v said of him : "The accuracy and beauty of his earlier labors have 
remained unimpaired amidst the progress of discovery, and their merits 
have lieen illustrated by discussion and exalted by time." 

In addition to his possession of many special aptitudes for tlie 
exact studies to which he devoted his entire existence, it should he recoir- 
nizedthat he lived at a period that was remarkably favorable to the pursuit 
of the natural sciences. The times, the state of knowledge, the condition 
of society all over Europe seemed to be ripe for this kind of progress, for 
in Scotland, in England, in France, in Germany, in Sweden there appeared 
experimenters of unsurpassed skill, and chemistry as a science had then its- 
birth under most fortunate ausjjices. 

Cavendish was very peculiar in his manners and habits, living in great 
seclusion and retirement and in the most simple and methodical manner ;. 
indeed his oddities attained for him the unenviable distinction of a place in a 
book devoted to the lives of English eccentrics. In that work, as well as in. 
Dr. Wilson's life of him, are many amusing anecdotes of his way of life. One 
most remarkable episode was his inheritance of wealth. Though poor in his 
youth he was suddenly made rich in middle life by a berpiest whose origin 
is scarcely known. ^I. Biot neatly described him as "le plus riche de 
tons les savants, ct probablement aussi, le plus savant de tons les riches.''' 
He li^■ed on however in as great seclusion as before, his chosen associates 
being his flasks and his thermometers. His millions made no observable 
imj)ression upon his habits, notwithstanding at his death they made him 
the largest holder of the stock of the Bank of England. 

Lord Brougham says that Ca\endish prol^ably uttered fewer ^\'ords iiD 
the course of his life than any other man who ever lived to fourscore vears.. 




Jdsei'h Black, ]M. I). 

Born in Bordeaux, in 172S ; died in Edinburgh, Nov. 2C, IIW. 
(61) 
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not at all c'xce[ir'my the iimiiks of La Trajijic — \n1i() were bouud to perpet- 
ual silenee exeept in eases of aljsolute ueeessit\'. 



Why Hydrogen was not Discovered Earlier. 

Doubtless those prehistoric men who in earliest days looked al)out 
upon the face of the earth, curiously exainiiig their heritage from the 
Creator, were familiar with water in its various forms. They umst ha\e 
prized its bland and refreshing powers and have learned many of its most 
important uses. But the idea that it is made u[) of more than one kind of 
substance (jr matter was not suspected imtil Aery recent times, and n(jt 
proved until the masterly investigations of Cavendish clearly set firth tlie 
tacts. Indeed the very idea of a chemical compound, that is of a substance 
as made up of inconceivably small portions of matter in a union of alniost 
iuconcei\'al)Ie intimacv, an idea verv fi^miliar to students of tlie present 
day, probably did not enter the minds even of those profound thinkers who 
suggested the earlier atomic jihilosopliies. In fact the notion of chemical 
tmion is scarcelv more than a century old. 

]kIore<n-er, hydrogen is a gas, and the notion ofr/as is itself dccideiUy 
a modern one. It was first stated in well-defined form in the year 17.32. 
bv Dr. Josepli iJlack, professor iu (rlasgo\v and Edinburgh. Black rlearly 
and conclii^i\clv demonstrated the existence of 'c«'rx of a different kind I'roni 
that familiar to us in our atmosphere. It js true A'an Ilelmont and ex en 
others, fully one hundred years Ijcf u'c Black's time, liad known ami stated 
more or less distinctlv tlie existeiK.'e of a i^'as or air ditterent from that we 
breathe, but owini;' to a Aariet\' of ci)'cumstani;es these wonderful cliseox- 
eries were allowed to relapse into forgetftdness. Thus the liimian rai'c 
lost fur a Centura nmcli ad\"antageous knowledge ; but probably the gen- 
eral social advancement of tliose times liad not then prepared mankind for 
the benefits which the dc\ido[)ment of nioilern eliemistr\' has eonfcrrecl 
upon the present citizens of the A\"orld. .iVgaiii, L.rprriineni inij Avith gases 
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was Bot Avcll understood until about the year 1770, ■\vheu Joseph Priestley 
invented that contrivance fur manijjulating them known as tlie pneumatic 
trough, for which no better substitute has j-ct been de\'ised. 

Further, in water — which has already been referred to as the most 
abundant and widely diffused compound of liydrogeii — the partner elements 
are bound together l)y a chemical affinity that cannot be readily overcome. 
Tlii.s intensity of attractive force between the constituent elements is there- 
fore aiKither reason why the true composition of water was so long an 
unsohed riddle and why hvdrogen was not earlier recognized as a thing or 
kind of matter by itself, although in its principal compound — one of the 
most admirable gifts of the Creator to man — it was well-known from the 
first davs of the human race. 



How Hydrogen is Prepared. 

II}'drogen may be obtained by the chemist in several wavs : 
First. — There is a metliod of directly tearing tiie elements composing 
water apart from cacli otlier. Considered theoretically this process is a 
most direct and simple one. In order to realize its results, however, advan- 
tage nmst be taken of the galvanic current. This force may be obtained 
readily it is true : thus in most cases where two metals, dipped in a liquid, 
are connected by a wire it is generated. But no one knows fully what the 
current is. The words galvanic current and voltaic current suggest the 
t\yii imestigators, Gahani and Yolta, who were the pioneers in this field, 
lint they gi\'e nothing that can be called an txphuudion of the Wdu- 
drous, in\isil)lc, imponderable form of energy referred to. It is a force 
oi' an exceedingly interesting character and about wliich a certain consid- 
erable Ijody of knowledge has l)een collected. 

Among tlie variety of facts known about it is that one which relates 
to water ; namelv, when tlie iioles or electrodes of a suitable ealvanic ))at- 
tery are dipped into a vessel of water, bubbles of fjas mav be seen to flow 
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freely from each of them. The gases may Ijc collected in a vessel placed 
over tlio electrodes, hut the experhnenter may well heware of incautiously 
treating M'hat has now been produced ; he has obtained a mLxture of oxy- 
gen and hydrogen from the original ^yater, and these elements which lie has 
rended a[)art from their more intimate imion, are ready upon the approach 
of the smallest tlame 
to rush into union 
again, with extraordi- 
nary violence, and in 
such a way as to ])ro- 
d uc e a t r e m e n d o u s 
explosion. In the act 
of til is cxpl< ision , there- 
fiire, water is again 
produced, first as ex- 
jiansive \apor, then 
condensible back to the 
li'juid drops whence it 
came. 

1 f h (J w e \- e r the 
jiroiluctfrom each elec- 
trode is collected by 

itself ill a separate tube, the one gas is found to be very diflFerent from the 
other. The one is found to l)e hydrogen, the other oxygen. In accordance 
Avith the formula H.,0 — which it lias before been stated represents the com- 
positio)! of water — the hydnjgen is found to Ije given off in a bulk or 
\-olumc that is twice as great as that of the oxygen obtained at the same 
time from the same amount of water. 

Second. — H\-drogen may Ije obtained liy bringing into contact with 
water mider proper conditions certain substances that ha-se a very strong 
affinity for its oxygen and at the same time l)ut little affinity fir its hydro- 
gen. Now every one is familiar A\-itli the fact tliat iron rusts readily in 
the air. The chemist can demonstrate that this rust is a compound of 
iron and oxygen. The union of these elements under ordinary 






— \l ) ^1 It 1 1 r (1 c ni] L iti n of iter 1 \ i ti n 
of two L'elN of tlicj Bunsen galvanic battery,; and for 
collection of liydrogen and oxygen gases in separate 
receivers over the two electrodes of the battery. 
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conditions suggests at once that tliat union arises from an affinity 
between the iron and the oxygen. Tliis affinity is nuieh greater at liigli 
temperatures, for it is well known that iron rusts more vi<_)Iently -when 
subjected to heat. These facts then are made use of for the pur[)Ose of ^vitll- 
drawiiiu' oxyuen from water and thus forcing- the livdroox^n out in the free 
or uncombined condition so that it may be obtained and experimented 
upon. 

To produce hydrogen by this method, there must be provided a long 
iron pipe which passes through a hot furnace ; the pi})e sliould contain frag- 




Fig. 7. — Apparatus for preparation of hydrogen gas. Steam, generated in the 
small retort, is conveyed throngh the tube placed in the gas-furnace; iron turn- 
ings within the tuhe heing higlily heated, decompose the water-vapor, wliich 
thereby evolves hydrogen. The liberated gas is collected in the little bell-glass. 

mcnts of iron such as iron tiu'nings, or iron filings, or pieces of iron 
wire. Then a current of steam must be passed through the \yi\>Q. The 
iron becomes red hot, and under these circumstances manifests more affinity 
for the oxygen of the steam than the hydrogen does. The iron tlien grasps 
the oxygen and holds it fast. As a result a peculiar kind of oxide of iron 
of a l:)lack color is prinluccd. Its chemical fornuda is Fc^O and it is 
called by chemists fcrroso-ferric oxide. The iron has now taken tlie ])lace 
as a partner of the oxygen that tlie hydrogen formerly liad. The livdroL^en 
is thus cast out from its combination and is set free as an imcombined gas, 
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in whicli liberated conditimi it is expelled at tlie end uf the tul;)e. The 
chemical action between the iron and the steaai may be represented l>y the 
following equation : 

Fes + 4H;0 = FezOi + 4H3 

Three atoms of Four molecules of One molecule of Four molecules of 

Iron, 'Water, Ferroso-l'ei-ric oxide, Ilydrogen, 

IGS r-J 23-3 8 

parts by \veif,'ht. parts by weight. parts by -weight. parts by weight. 
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The gas prodnced as jnst described may 1)0 collected by adjusting a 
suitable tube in connection Avith the pipe conttiining the iron. AVhen the 
sjas is examined it is found to be in ftict hydrogen. It will bm-n with a 
blue flame and jierform all the \arious actions that acknowledged h3'drogen 
will. 

Third. — There are other metals, not known to the common every-day 
uses of life ))ut stdl familiar to tlio chemist, which have far greater affinity 
for oxvgen than iron has. One such metal is that called sodium. Its 
affinity for oxygen is so great that it cannot be long preserved if exposed 
to the air : a block or lump of it would, in a day or two in the open air, 
turn entirely to a mass of rust of sodium, that is oxide of sodium. This 
metal therefore is preserved )jy the chemist in bottles containing petrcjleum 
oil. The oil keeps the air away from the metal ; moreover the oil contains 
no oxyo-en in its composition as many other liquids do. This metal sodium 
th(.)ugh heavier than the oil is lighter than water. If thrown upon water 
it floats. But by virtue of its intense affinity for oxygen, it at tlie same 
time decomposes the water. It draws tlie oxygen to itself and it liberates 
the hvdroo-en. Some chemical skill is retniisite in the performance of this 
apparently simple experiment, for occasiontdly the violent affinities inv(ilved 
set the sodium and the hyilrogen on fire and giAe rise to dangerous 
explosions. Wlien propci-lv c-oiidin/tcd, lio\\e-\er, the hydrogen from this 
process may be collected in a vessel and its vari(jus clitirtictcristics 
displayed.* 



►Appletoii's "Young ClK-mist," Phihidelpliia, CowpeTtlnvait & Co. pp. 2i;, 27, : 
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Fourth. — The most eoimnon way of producing liydrogen is )>y Ijring- 
iiig togctlier sulphuric acid and zinc. The formuhi for sulphuric acid is 
II., I~^()^. Now the zinc has affinity for the compound radicle SO^, known 
as the sulphuric acid radicle. The chemical change is represented by the 
following equation : 



Zn 



+ 



H^SOi 



One atom of One uioleculc of 

Zinc, vSulpliuric iicidj 

05 OS 

aits liy weight parts by ■wcii:!^ 



u;:j 



ZnSOi 

One molecule of 

Zinc snljihate, 
101 



+ 



Hi 

One moiecule of 

IlydrogcD, 

]i;irt'; by wcifflit 



1G2 



Here it is jilain tliat liy reason of its affinities the zinc iuis taken the 
place "f the liydrogen — nr tlie place which the liydrogen fornieriv held as 
lelatcd to the sulphuric acid radicle, tfO^ — and tliat the livdroo-eu thereliy 

left Avithout anything to com- 
bine with, ajipcars as a free 
and uncombined substance. The 
hydrogen produced by this 
method can be readily collected 
and examined. 

Perhajis it ought to be stated 
that neither of the processes 
thus far explained is likely to 
yield hydrogen in an absolutely 
pure condition. The various 
substances used are likely 
tliemsehes to contain associa- 
ated with them small amounts 
of other substances which 




Fig. 8 — Apparatus forproduction of hydrogen, 
by action of i^ulplinric acid on zinc, and 
i'lT collection of the gas in a receiver. 



give some impurity to the gas evolved. 
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The Powers and Properties Manifested by Hydrogen. 

Hvdrogen has been seen, from the explanation ah'eady given, to be a 
gas. Down to within a tew years it resisted all attempts to liquify it. 
Chemists submitted it to intense cold and enormous pressure and to botli 
these intluences at the same time but without avail. Within a few years, 
however, bv use of ampler resources and contrivances for the application 
of these condensing agencies, it has Ijeen Ijrought d(jwn to the li([uid and 
perhaps even to the solid state. 

As a gas it is colorless, odorless, tasteless. 

Bulk for l)ulk it is the lightest sul)stance known in nature. Thus a 
quart of atmospheric ah-, light as it is, weighs over fourteen times as much 
as a quart of hydrogen. A cubic inch of gold weighs more than two hun- 
dred thousand times as much as a cubic inch of hydrogen. This lightness 
is properly illustrated by inflating a soap Ijubble witli hydrogen rather than 
with air. When soap bulibles are filled with air they fall, unless indeed 
carried upward by a temporary current ; Ijut when filled with hydrogen 
they invariably rise with great rapidity. IJy reason of this great lightness 
hvdrosen was formerly used for the infiating of lialloons, but at the present 
day ilhuninating gas is so much cheaper, that the latter is generally used, 
although it is much heavier than hydrogen. 



Diffusive Power of Hydrogen Gas. 

It is not inappropriate to call attention here to certain interesting 
relations that hydrogen manifests towards gases and solids. Thus hydro 
gen possesses to a marked degree that curious fiicility of passing into and 
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permeating otlier gases which is spoken of as its diffusive poirer. True, 
tliis power is possessed by all gases to a certain extent ; but in rapidity 
of action none approach hydrogen. As early as 1825 a German chemist 
named Doberciner announced his observations of this power. He noticed 
that upon collecting some hydrogen in a cracked jar, placed in a pneumatic 
trougii, the hydrogen leaked out into the air more rapidly than the air went 
in. So that in fact the water of the trough rose on the inside of the jar. 
It has been since discovered that when almost any two gases whatsoever, 
if only of different densities, are separated by a partition having fine cracks 
or holes in it, the lighter gas always moves out into the heavier one more 
rajiidly than the heavier gas moves in. As hydrogen is the lightest of all, 
of course it diffuses into otlier gases with the greatest rapidity. 

In liquids, hydrogen does not ordinarily dissolve in any considerable 
quantitv. 

AMth solids howe^-er it displays some properties that are well nio-h 
incredible. Thus it has a very curious aptitude for jiassing into the very 
interior of certain solid metals. The white, compact, solid metal palladium, 
although it has no visible pores, has the power of swallowing up into itself 
in some mysterious way nearly a thousand times its bulk of this gas : and 
again a thin sheet of this same solid metal, air-tight to all appearances, 
allows hydrogen to pass through it as easily as a sieve does water. 



The Most Interesting Chemical Property of Hydrogen. 

J5y all means tlie most interesting chemical ])ro])erty of hvdroo-en 
is its j)(iwer to unite with oxygen. When it does so unite all the 
])lienomena of combustion appear. These phenomena are generallv the 
j)roducti()n of heat, light, flame, and the formation of some new chemical 
coiiqxiund. So then when hydrogen unites with oxygen, it burns, it gives 
out light (although that light is of l)ut feeble intensity), it o-jves out an 
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enormous quantity of heat, it forms an oxidized product. This product 

is 'water, but water that — owing to tlic great licat of the combustion — is 

raised to the form of invisible vapor. "When however a jet of liydrogen 

o'as is burned luidcr a bright but cool bell- 

ghiss, tlie deposit of mist quickly formed 

on the inside of the glass sliows that the 

•\apor produced by combustion lias now 

condensed on the bell to minute liquid 

drops. 

In tlie matter of tlie lieat involved, 
hvdrogen has the distinction of being 
abo\e every other substance. One 
jioimd of hydrogen when biu'ucd under 
flworable conditions evolves heat enough 
tonnseoYcr iliivty-f our thousand jyounds 
of water from zero centigrade to one 
decree centiarrade, or nearly the same as 
from 32 degrees Fahrenheit to 34 degrees 
Faln-enlieit. This expression of the calo- 
rific power of hydrogen has the same mean- 
ing as tlie following more technical one, 
namely : Ijurnlng hydrogen affords over 
thirty-foiu' thousand tliermal imlts. Now 

carlion, a fuel which nature has provided, and wliicli is certainly admirably 
fitted to be man's chief combustible, yields but ciglit thousand thermal units 
of the kind just referred to, and forjnirposes of comparison it maybe added 
that sulphur yields but two thousand tliermal units. 




Fig. 0. — A gUss tube held over a 
liydrogen flame, for tlie purpose 
of developing a musical note. 



Hydrogen Cannot Supply the Uses of Atmospheric Air. 



Notwithstanding the remarkaljle evidences of chemical affinity sug- 
gested by Avliat has just been said, hydrogen can in no sense act as a 
substitute iiir the atmospheric air. Tims it does not support animal life 
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nor will it sustain tlic combustion of a candle. A living animal innncrsed 
in a room full of hydrogen 'wxaikl Ijc drowned in it ; a burning candle 
carried into such a chamlier would be extinguished as if dipped in water. 
In fjict the comparison with drowning is '\'ery proper, for in drowning a 
living animal tlie water does not cliemicallv injure the organism ; tlie livdro- 
gen and the M-ater, in the cases supposed, have similar a(;tion i)i depriv- 
iii<j hotJi the animal and ilie taper of their requisite ox)igen_. 



The Uses to Which Hydrogen May be Put. 

Hydrogen as the elementary gas finds but iQw applications in tlie arts. 
It is true that from ^\iiat has lieen said, it appeal's as if its ■wonderful calo- 
rific power might lie utilized in some of the arts wliere high temperatures 

are rcfpiisitc. But the 
cost and difficulties 
attending its prepara- 
tion, the liability to 
loss during its storage, 
and the danger from 
C-xplosidii while ill 
actual use, tliese and 
o t h e r circumstances 
have led even tlic 
skilled artisan to con- 
tent Iiimself in most 
cases with other 
though inferior ma- 
terials. But if the 
reader has attentively 
followed the introduc- 
tory cliapters of tliis 
work he must ha^-e jierceived that hydrogen is made of great service in 
many of the measureiiients employed liv the eliemist. It has been noted 
that it is used as tlie standard of equivalence or atom, jixing power. It 




Fig. 10. — disposition of apparatus for tlie prodviction of 
water, by combustion of dry hydrogen in air. 
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has been spoken of as the standard of ntoiiilc ireif//il, and from what has 
appeared in the remarks upon its Uglitness it will seem that it iias been 
properly adopted as the standard of densitij for (juses. 
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HE remarkable lightness of hydrogen early suggested the fitness 
of that gas for the inflation of balloons. From the earliest ages 
men have desired to navigate the air. The drudgery of land 
travelling over hills and mountains, O'^'er marshes and streams, 
througli jungles and forests, lias led men to prefer voyaging e\en by 
sea. Thus the peo^de of the United States crossed the stormy Atlantic 
in large numbers long before they traversed the wilds of the American 
continent to the Pacific coast ; and the early voyagers from Xew York to 
the Golden Gate of San Francisco preferred the \vatcr ^^'ay, though it led 
them through an enormous distance and around the perilous Cape Horn, 
rather than undertake the shorter course over the Eocky INIountains. Even 
at a later date, the sea voyage to Panama, and across the Isthnms, and 
again by A^'ater A\'ay to San Francisco was the ordinary course until Pacific 
railroads created a land jiathway from one side of the continent to the 
other. So men, en^•ving the bird in its flight through the mobile air, lune 
desired yet more to conquer its smooth courses, just as their keels have found 
a sliding pathway in the Avatery main. But no truly successful air-voy- 
aging was possible luitil about one hundred years ago. 

Invention of the Balloon. 



Ill the year IT.s.'S two brothers named Stephen Montgolfier and Joseph 
jNIontgolfier, succeeded in sending up into the atmosphere the first air-ship 

(74) 
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worthy of the name. Tlicy ]i\eil in France at a little town named Annonay, 
situated about forty miles soutli of Lyon.s, and at tlie junction of two small 
streams whose clear waters How into the river Ivhone. Here the brothers 
carried on \\\t\\ increasing skill and success the manufacture of paper, a 
busmess which their father had conducted there Ijcfore them, and Aviiich- in 
fi>ct is carried onlty their descendants of tlie same name even at the present 
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Fig. 11. — One uf the balloims of ihu Montgolfier brotliers 



dav. The brothers, Stephen and ./(jscpli, were skillfid mechanics, and one 
of them, it is said, had studied r)r. Priestley's work on '•Diftcrent Kinils of 
Air." This seems to lune leil liim to to the idea of aerial navigation. IIo\\- 
ever that may lie, it is a matter of ]iist(jry that on the 5th of June, 1 TSo, 
the two brotlici-s sent up from Anncniay a ])[dloon about thirty-fi\e feet in 
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dirtmcter. X.itiirally it w:is made of paper, tliougli lined with linen. Tlie 
aseensional jjower of tliis Ijalloon was due to a proportional lightening of 
the air within it hy the inflnence of heat. The heat was produced l>y the 
conil)ustion of a large quantity of chopped straw, and also from Ijurniniy 
wool previously saturated with a little alcohol. Probaljly the ^lontgolfier 
brothers did not tlien fidly know why their l)alloon ascended : thev appear 
to lune thougjit that it arose l)eeauso of the volumes of smoke that filled it. 
It is hardly probable that either Stephen or Josepli ]\Iontgolfier thought 
at that time of using hydrogen for their air-ship, notwithstanding its extra- 
ordinary lightness had been a matter of public scientific knowledge for six 
or se\en years. This may seem tlie more strange in ^-iew of the admitted 
fact that as early as 17()7 Dr. ])lack, of E(linl)urgh, had publicly demon- 
strated tliat a suitable vessel filled witji hydrogen would ascend in the 
atmospliere as cork does in water. Of course thev did not think of 
employing illuminating gas, because tiiat substance Avas not then in public 
nse. 



The First Balloon Ascension in Paris. 

Tho news of tlio wonderful and successful experiment at Annonay 
was quickly sent to Paris, where it produced a profoimd sensation. Tiic 
interest extended from scientific men to the royal faniilv and tlie court, and 
indeed to the entire population of the capital. For the French people — 
perhaps even more than otiier nations of Euro[)e — seem to lia\-e been ])ar- 
ticularly interested at this time in the study of chemical and pliysical 
science. The king instantly issued a sunnnous f )r tlie ^Ltntgolfiers to C(nne 
to Paris. But tlie Parisians could not even await their arrival. The 
scientists (jf the capital, though but partially informed as to the charac- 
ter of the experiments performed at Annonay, at once set to work. 
They decided upon hydrogen gas as ])robably the l)est fitted fi)r their j)ur- 
poses. WJicreupon they filled a globular ])alloon with this o-as, and 
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prepared to try it in public iipcm the C'lmiiip-de-]\Iars. It is said that 
three hundred tliousaiid penple — tliat is, nearly half the population of Paris 
— gathei'ed together, crowding every adjacent a^•enue, to vritness the impar- 
alleled midertaking. The Ulceration (.)f the aerial messenger was announced 
to the public by a salvo of artillery. The balloon innnediately shot upward 
and, piercing the clouds, was soon lost to view. When afterward it slowly 
descended it reached the ground sonic fifteen miles from Paris. Here a 
troop of peasants Avho detected the strange apparition, were at first struck 
with alarm but quickly rallied, attacked the strange monster and of course 
soon reduced it to shreds. The whole chain of circumstances created so 
much excitement that tlie ^Jo^•ernnlent tlumght proper to issue a proclama- 
tion upon the suljjcct. .V cojiy of this interesting document is here 
presented in its original firm, l^erhaps some readers will find the accom- 
panving translation arceptablc : 



French Proclamation Respecting Balloons. 



Averfissement on, pevph sit Venlerc- 
raerit des hallons ox globes en fair. 

On a fait une decouverte ilont 1^.' 
gouvernenient a juge convenable de 
donner connaissance, afin de preve- 
nir les terreurs qu'elle pourrait occa- 
sioner parmi le pc-uple. En calculant 
la difference de pesanteur entre Tair 
appele inflammable et I'air de notre 
atmosphere, on a trouve qu'un ballon 
rempli de cet air inflanjmable devait 
s'elever de lui-meme dans le ciel jus- 
qu' an moment oil les deux airs seraient 
en equilibre, ce qui ne jieut etre 
qu' a une ties grande liauteur. La 
premiere experience a ete faite a Anno- 
nay, en Vivarais, par les sieurs Mont- 
golfier, inventeurs. Une globe de toile 



Xoiice 1o ike ]iii1Aic relaiite 1o the ascension 
of balloons or globes into the air. 

A discovery has Ijeen made to whieli tlie 
government considers it advisable to call 
public attention, with a view of preventing 
alarms wlucli it otherwise miglit occasion 
among the people. Upon calculating the 
difference of weight between the gas called 
inflammable air and the air of our atmos- 
pliere, it has been discovered that a bal- 
loon filled with this inflammable air ought 
to rise of itself to a height in the sicy such 
that the air within and tl.at without will 
be in equilibrium, a condition which will 
not be reached except at a very great ele- 
vation. The first experiment of this sort 
has been made at Annonay, in Vivarais, by 
the Jlessrs. llontgolfier, the inventors. 
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et de papier de cent cinq pieds de cir- 
conferencc, rempli d'uir inflammable, 
s'eleva lui-nu'iiie a une liauteur qu' on 
n' a pu calculer. La nieme experience 
vient d'etre renouvelee a Paris, le 27 
aout a cinq lieures du soir, en presence 
d'un nonibre iiifini de personnes. Un 
globe de taffetas enduit de gomine 
elastique, de trente-six pieds de t<mr, 
s'est eleve du Champ-dc-]\Iars jusque 
dans les nucs, oil on I'a perdu de 
vue. On se propose de repeter cette 
experience avec des globes beaucoup 
plus gros. 

Cliacun de ceux qui decouvriront 
dans le ciel de pareils globes, qui pre- 
sentent I'aspect de la lune obscurcie, 
doit done etre prevenir que, loin d'etre 
un phenoniene effrayant, ce n'est qu'une 
machine toujours composee de taffetas 
ou de toile legcre recotiverte de papier, 
qui ne peut causer aucun mal, et dont 
il est a, presumer qu'on fera quelque 
jour des ajiplications utiles aux besoins 
de la societe. 



A globe of cloth laid paper one hundred and 
five feet in circumference and tilled with 
inflammable air rose of itself to a lieight 
Avhich the observer could not calculate. 
The same experiment has just been re- 
peated at Paris on the 27th of August at 
5 o'clock in the afternoon, in presence of a 
vast number of persons. A sphere of 
taffeta coated with gum elastic, thirty-six feet 
in circumference, ascended from the Champ- 
de-Mars even to the clouds, in which it be- 
came lost to sight. It is contemplated re- 
peating this experiment with very much 
larger globes. 

Anyone who discovers in the sky globes 
of this sort which present the appearance 
of tlie moon when slightlj' obscured, may 
therefore be warned that, far from being 
an alarming phenomenon, this is nothing 
but a machine always constructed of taf- 
feta or of light cloth covered with paper, 
which cannot do any injury, and which 
it is thought will assume at some future 
time a form that will prove useful to the 
public. 



Lii et ayprore^ \ Read ami approved, 

ee 3 sepfenilre, 17S3. De Sauvignv. | Scptcmher 3, 17S3. Dk Sauvigny. 

The entluisiasiu created l)y tlic original experiment of tlie ^Nlonto-olfier 
brothers led soou after to the election of botli of tliem to tlie Academy of 
.Sciences. ^Nlorevoer their in-scntion "vvas not allowed to rest long in its 
original form. 

^Vs carlv as N()veml)er of the same rear, 17So, two Frencli o-e.ntle- 
men liad tlie courage to risk their lives in an ascension from Paris in a bal- 
hiiin of tlie jNlontgolfier construction. They floated freely away and made 
tlieir landhig in safety. ( )ne of tlieni, however, I)e Eozicr by name, on a 
later occasion attempted to cross tlie Clianncl in a donble balloon, one part 
containing hydrogen, tlie other heated air in tjio ^lontgolfier st\de. But 
at a great altitnde tlie liydrogen lialloou took fire from tlie other, and De 
Ivozicr and liis companion were dashed to pieces on the rocks of the French 
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EiG. 12. — Gay-Lussac ami Biot makiiiLT their halluon ascensiun fur 
sc'it'iititic otjser\'atiiiiis in Ls04. 
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coast. Since that early rasli attempt tlKiu.-iands ef interesting and safe 
iialloon ascensions liaAC Iteen made, and increased knowledge of the 
scientific principles has largely contributed to the jileasnre and comfort of 
the aeronaut. Yet tiie contrivance has heen in most cases little more than 
a scientific toy. 

The atmospheric air has thus tar hatfled the inventive power of man 
to such an extent that the balloon as a meclianical contrivance has lieen 
subjected to but few decided improvements since the jNIontgolfiers' first 
experiments, and ascensions have aftbrded comparatively meagre scientific 
or other results. Indeed the most of them lia\-c Ijcen conducted for '^qx- 
sonal gratification or popular entei-tainnient. 

(3f course there are marked exceptions. Thus on the 24th of August, 
iy04, two of the youngest but most distinguislied of French physicists, 
Alessrs. Gay-Lussac and Biot, made an impoitant ascension. Their voy- 
age was upon the suggestion of the French ^Vcademy t)f Sciences, and they 
were well equipped with apparatus for making observations. Their residts, 
particularly in magnetism, showed the sanu.^ laws prevailing in the higher 
air as upon the earth. But as there were afterwards expressed some doubts 
as to the accuracy of these obsei'vations, Gay-Lussac made a later and 
iiighcr ascent alone. On the Kith of September lie attained an altitude of 
twenty-three thousand feet, the greatest reached up to that date. His 
experiments on this occasion verified those made Ijcfore. Gf particular 
interest was his test of the composition of the atmosj)bere. The liottle of 
air collected at this great height was found upon analysis to possess the 
same proportional amounts of oxygen and nitrogen as that collected at the 
surface of the earth.* 

'Hlf Gay-Lussac and this ascension tliere is toM a iirctty tale, which I will not mar by 
iiialiing a translation : 

■'Farveniiii la liauteiir de 7000 metres, il Totihit, dit-il, essayer de nionter plus liaut, et 
Si- deliarrassa de tous les objets dont il pouvait rigourcusenient sc passer. Au uombre de 
ces objets figurait une chaise en bois blanc, que ie liasard lit toniber sur un buisson, tout 
)ires d'une jeune fllle qui gardait les moutons. Quel ne fut pas I'etonnement de la ber- 
gere ! — Comme etit dit Florian. — Le ciel ctait pur, le ballon invisible. — Que penser de la 
(liaise, si ce n'est qu'elle provenait da paradis? — On ne iiourait objecter iicette conjecture 
que la grossicrete du travail: les ouvriers, disaient les incredules, ne pouvaient la-haut 
eire si inhabiles. La dispute en etait la, lorsque les jonrnau.\-, en publiant toutes les par- 
tieuliarites du voyage de Gay-t^ussac, y niirent fin, en rangeant parnii les effets naturels 
ce qui jusqu' alors avait parut un miracle," — Arago: Eloge de Gay-l,iissac. 
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The lieight of tills ascent lias siiiee been sur|>asse(l hv ^Messrs. (ilaislier 
and Cdxwell, of England, avIio ou Sept. .3, 1<S()2 attained an altitude of 
about thirty-seven thousand I'eet. 



Recent Use of Balloons. 

Hydrogen is the lightest snlistanec known, and this consideration 
tends to make it a particularly fa\orable one for the inflation of 
balloons. But we have seen that it was not until after the Monttrolfier 
experiments that hydrogen came into considerable use for this purposes. 
Hydrogen is still occasionally prej)ared for purjioses of this sort. It 
is then produced by the action of sulphuric acid upon zinc. The 
equation already given explaining this action is as follows : 



Zn + H2SO4 = ZnS04 + H2 

One atom of One molecule of One molecule of One molecule of 

Zinc,. Sulphuric acid, Zinc sulphate. Hydrogen, 

65 98 101 2 

parts bj' weight. parts by ivei^lit. parts by weight. parts by weight. 

1(J3 163 

In case zinc is not at hand, iron-turnings have been made to answer 

the same jiurpose ; and the chemical change in this event is represented by 
an ecpiation of very similar form : 

Fe + HsSOi = FeSOi + Ho 

One atom of One molecule of One molecule of One molecule of 

Iron, Suljdiuric acid, Ferrous sulpliatc, Hydrogen, 

50 08 15-2 :t 

parts by weic,4it. pail^ by ^vcif^dit. jtarts \>y \vc-i^-lit- piirts liy n-ciyht. 



154 154 

Both of these methods of producing hydrogen ai'c still somewhat used 
where balloons luue to be inflated at jioints distant from a city gas supply. 
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I5ut the niaimfactTirc of illiiininntiiig gas is now so general, c\'en in tuiall 
toA\n,s, tliat this sultstanee is ottener used at the [iresent eUiy. The supe- 
rior convenience 
,ili[llHi| "itli "-liicli if may 
i.e oi)taiue(l makes 
ii [)referre(l to \iy- 
(h'ogen, notAvith- 
standing the greater 
ascensional p o w c r 
ot the latter su(3- 
stance. 

Balloons ha-^-e 

'x'cn used some-wiiat 

in r e c c n t wars. 

1 hus they were 

found (jf consider- 

aljle service during- 

the siege of Pans, 

particularly from 

Se])teml>cr '2?>, ISTO, to January 2H, ISTl. During these last four months 

of that siege sixtv-two lialloons h'ft the citv. and thcv carneil out above 

two nullion letters and 




Fii:. l:!. — Ciirricr piirpon liavini;' attaclied to liis tail a quill coii- 
tainiuL^ niici-()^r(ij)i(_' pliotoi;raphs of despatches to be sent into 
Turis ditrinii" the sie?e. 





a o-reat many homintj' -^^'^^-^^^ — ■ =SS: "^ -^ si=^ "■"^Ti,,—- 

|)igeons. Some of the 
hii'ds returned, escaping 
tlie Prussian sjiarp- 
shooters, and Itrought 
Avitli them letters and 
des|)atch('s, ))i-inted up- 
on the tliinnest of paper, 
in tlie fi>rm of micros- 
copic iiliotogniphs. The halloons also took out of Paris diuiug the sie^-c 
two especially notahle ]iassengers, the one, Leon <Tam1)etta, liead of the 
provisional government, wlio left the city for the purpose of conducting 



Fii;. It.— 'Pile tuhe nf .piill 
attaelieil to tlie 1 lil-feai liefs 



intamiiej nie^sa^i.'s as 
"' a earner [oueoii. 
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the public business in the provinces ; tlie other, Prof. Janssen, who had 
the courage to venture out in the darkness of early morning so as to 
escape the rifles of the beleaguring forces. His voyage was for the pur- 
pose of reach.ing the 
station in Algeria 
from "which he was Xo 
observe the total 
eclipse of the sun, to 
occur a few weeks 

later December 22, Fig. I.j. — Owner's name on the wing of a pigeon. 

1870. Readers wlio are interested in the use of balloons during this 

memorable seige will find a most interesting 
account in Mr. Glaisher's book, Travel s in 
tJie A-ir. It contains a description of the 
manufacture of air-shijis in Paris, t(.)gether 
with a list of the passengers and an accoiuit 
of the freight of those leaving the city when 
other means of comnuuiication with the outside 
world were cut off. 
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The Centenary of Ballooning-. 



Fig. 1G. — ITac-siniile of a mi- 
croscopic despatch as sent 
by carrier pigeon. Letters 
and messages, public or irri- 
THtP, to the number of about 
6000, were printed on a 
large sheet of paper. After- 
wai'ds this sheet was re- 
duced by photography to the 
siz^' and ;ti)[iearance shown 
above. 



Tt is ^vorthv iif note that in August, IScSo, 
the centeuai'v of the ex[ierinieiit of the ]\[(n\t- 
o'olficr brothers was celeljrated liv their descenil- 
ants and others at .\.niionay by a uKjdeni bal- 
loon ascension and other f^'tes. These in(lude<l 
tjie dedication of a monument to tlic tw(.i 
imeiitors. This monument is soon to Ix' sm- 

mounted b\- a group in bronze rejiresenting the two brothers iiiHatmg tlieir 

first balloon. 



81 CHEMISTRY. 



READING REFERENCES. 



Balloons, Their Early History. 

Figuier, L. — Les Aerostats et les Auronautes. Revue des Deux Mom^es. Oct. 
1, 1S50. p. 193. 

[This interesting arti^.-le will w-ell repay the reader.] 

Blerzy, H. — La Navigation Aerienne. Eevue des Deux Mondes. Nov. 1863. 
p. 2-,'.). 

[Claim is here made, in a general way, that the original invention of the balloon 
was made at the close of the 17th century by a Portuguese named Gusmao.] 

Balloons, Their Recent Uses. 

Glaisher, .lames, and others. — Travels in the Air. London. 1871. 
Hofmann, A. AV.— Chem. News, xxxii, 231, 211, 265, 265. 

Balloons, Centenary of Their Invention. 

London Graphic. Aug 25, 1883. 

Balloons, Popular Account of 

Harper's Magazine, ii., 168, 323; xxxix, 145. 
Scribner's Monthly, i, 385. 

Gay-Lussac. 

Arago, D. T. J. — Oeuvres Completes. Paris. 1854-59. iii. 



[The Boston .-Mhen^um lihrary has this work.] 



CHAPTER X. 



CHLORINE. 




HLORIXE is a substance of ^ery great commercial importance 
on account of its extensive use as a bleaching agent. -Vgain 
it is a constituent of common salt, and in this form of combi- 
nation it is both of great value as an article of fooil, and it is 
recognized as widely distributed. Thus it exists in salt, wliether that substance 
is in the brine of the ocean or of mineral springs, or wlietlier it occurs as 
a solid rock — as indeed it docs in some parts of the world. At AVieliczka, 
in Austria, mines of solid salt have l)ecn worked for hundreds of vears. 
So also at Cardona, in Spain, ai-e what may be called quarries of tliis 
valuable mineral ; while Cheshire, in England, furnishes immense solid 
deposits from which salt is oljtained to supply tlie enormous industrial 
establishments using this sidjstance for tlio prodnctiou fif chlm-ine and of 
compounds of sodium. 

Chlorine was first recognized as a distinct sulistance, by a European 
chemist, Carl Wilbelm Scheele, known only to his neighbors as a humble 
apothecary. Scheele was born at Stralstmd, a seaport town of Pomerania, 
situated on the little strait wlilcli lea-^es the island of Riigen in tlic Baltic Sea. 
He spent the jirincipal portirm of ]iis life in S^vedeii, and on this account i; 
often referred to as a Swedish chemist. Tlicjugli li-^ing in gi-eat obscurity, ln' 
yet made many discoveries in chemistry ■\vl)icli ha^c rendered liis name, 
otherwise almost unknown, one of the mcjst brilliant in the annals of this 
science. 
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It is related of Sclieele tliat tlie King of Sweden, Gustavus III., 
wliile on a journey outside of liis own dominions, heard so miieli of the 
fame of this chemist, unknown to him hefore, that lie regretted having 
previonslv done iiotliing for liim. Pie therefore commanded that Scheele 
receive the lionor of Ijeing created clievalier. "Sclieele?" "Scheele?" 
said the minister charged -with this duty. "This is very singular; what 
ill the "world has Scheele done?" The order was peremptor}^ however, 
and Si'hcele was knighted. Bu^, as the reader may perhaps di\ine, the 
honor designed fur tlie acnte discoverer fell tipon another Scheele — not 
upon that Scheele imknown at court hut illustrious among the scientists of 
Eurojie. 

It was this oljscurc apothecary then, who added to the list of his other 
in\estigations a studv of the properties of what was ordinarily considered a 
dull and uninteresting earthy substance called Llack magnesia. This study 
AAas repaid 1 )y the revelation of no Icssthan foiu' hitherto tmknown substances : 
oxvgen, bariinn, manganese, and finally chlorine. Scheele obtained the 
chliiriiie in the year 1774 exactly as it is done at the present day, namely, 
l>y bringing together the two substances, now called chlorohydric acid and 
lihu'lv oxide of manganese, Init then known as muriatic acid and black 
magnesia. 

Scheele l>elieved, and other celebrated chemists concurred in the opin- 
ion, that the greenish gas that he discovered A\as a compound substance. 
It Avas Avas not until thirty-sLx years later, that is 1810, that the distin- 
guished English chemist. Sir Ilumpliry I)a-\y, demonstrated that this gas 
is not a compound, but is in fact a simple or elementary substance ; audit 
was he who gave to it the name chlorine, a name deri-\-ed from a (ireek 
■word (//.Mo.lc, (hloros, meaning light green), comxwing an ob^'ious and 
cNjuvciiient reminder tif one striking property of the thing referred to. 



How Chlorine is Obtained. 

The preparation of cliloriiie is a -\cry simple matter. It may be 
acconi])lished jiy placing some powdered black oxide of manganese, an 
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Sn; IlrMriiiiY Daw, Bart. : 

Born inPenzance, England, Dee. 17, 1778; filed in Geneva, Switzerland, Jlay i'Otli, 182n,^ 
Davy, wlien not yet lliirty-two years old, occupied, in the opinion of all those who could judge 



of such labors, the first rank among the chemists of tliis or any other age 
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abundant luinerul sulisitance, in any deep glass Aessel, and tlien adding to 
it four or five times its weight of eldoroliydric aeid. Anyone who performs 
the experiment will soon pereei\c the greenish gas rising higher and higher 
in the vessel, and will soon diseo\er its ehoking and eorrosi^■e odor. ]\Iorc- 
over the ehlorine gas, whieli is two and a half times as heavy as air, 
aceumulates within the flask and stavs tliere some time. This is the pro- 
cess which has alreadv been referred to as that which first revealed the gas 
to Scheele, and this process, with l)ut slight modification, is that which 
to-dav furnishes the enormous quantities of ehlorine demanded by modern 
industries. 



The Characteristics of Chlorine. 

The three most striking properties of chlorine are its noticeable 
weiaht — greater than that of the air — its greenish color, and its exceedingly 
irritating ordor. Its influence on the animal organism is very violent : 
more than one example can be [)rodueed of fatal results following the 
inhalation of too large quantities of the gas. Thus Telletier, a French 
chemist, died at Bayonue from the effects of inhaling a consideralile quan- 
tity of chlorine, and Roe, a young Irish chemist of Duldin, lost his life 
from the same cause, while studying the properties of this gas. 

Chlorine, as a chemical agent, manifests its activities in connection 
with two principal properties, namely : its afflnity for hydrogen and its 
affinity f )r the metals. P)y this statement it is meant that chlorine mani- 
fests a strong tendency to combine with hydrogen, and to combine with 
metals, whene^■er these substances are accessible to it. 

AVhen it combines with hydrogen it forms the important conqioiuid 
designated by the formula H CI and called by the chemist chlorohydric 
acid, but known in commerce as muriatic acid. 

"When chlorine comliines with the metals it firms chlorides of them. 
Thus witli the metal sodium it fm-ms the compo'iiid designated Ijy the tor- 
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inula ^a (.'1 and called bv the chemist indifterentlv sodic chloride or chlo- 
ride of isodinni ; these will he recognized as the chemical iiiimes for the 
important and v.'ell-known substance, common salt. 



Chlorine and Hydrogen Combine. 



Chlorine and hydrogen have a ^erv strong tendency t(j combine ^yith 
each (itlier. They nianifcst this tendency in a yariety of ways. Thus, if 
the t\\o gases are jirepared in a dark room, they may be there safely mixed 
together in a glass -icssel ; but if the sunlight is allowed to enter and fall 
updu the vessel, there is danger of its being shattered by the explosive 
violence ^\ ith which the hydrogen and chlorine innnediatelv unite. As a 
residt of tliis combination, chlorohvdi-ic acid is produced. 

The chen\ical change is represented I'v the following equation : 



Ho 

Onu molfcule of 

Hydrogen, 

parts by w.'ijht. 



CI, 

One Diolecule uf 

Chlorine, 
Tl 

]>;ii-ts liy -weio;!!!. 



2HCI 

Two molecules of 

Chlorolivdric acid. 



parts l;\ 



Agani, \\lien chlorhie is l)rought in contact ^vith vegetable or animal 
substances, containing hydrogen, it proceeds to « ithdi-a\y tliat In drogeu for 
its (n\n licncHt, e\en thmigh these.' ^ cgetabli^ ami animal compounds are 
tlierehv (Iest^(l^-cd.. 

Although this operation, as Avcll as the foregoing <.ine, produces chlo- 
rohyilric acid, yet ucitlier method is suitable fur a deteniiiuate preparation 
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of that siiljstance. It is ii.sually Letter to jircpare clilorohydric acid in 
another way. Thns it is easily produced liy tlie action of sulphuric acid 
upon common salt. 



Experimental Preparation of Chlorohydric Acid. 



Any one avIio A\-ill tal';e a little trouljle may prepare chloroliydric acid 
in the wav indicated. 

The experiment should 1)0 conducted as follows : 

Place a small amount of common salt ( Xa CI) in a small retort; to 
it add enough concentrated sulphuric acid to make a thin paste ; connect 
the neck of the retort with a clean test-tube containing a few drops of 
water. Xow gently heat the retoi't ; chhn-ohydric acid will be formed and 
will distil from the retort and condense in the receiver. 

The chemical change is represented Ijy the following equation : 

NaCi + H2SO4 = HCI + HNaSOi 

One molecale of One inok-cuU; of One mok-culo of One molecule of 

Sodic chloride, iSulphuric acid, CIduroliydric acid Ilvdro-Sodie sulpliate, 

parts by ivei^Iit. part'^ liy xvoitrlit. ]>arr'^ by wei^'lit. \y.\Y[^ by wi-icrht. 



The product ot' the foregoing experiment may be tested in tln-ec ways 
and so shijwn tn be in fact chlorohydric aci<l. 

J^irsf : Take a miuutc di-np (jn a glass rod and apply it to the tongue 
and obser-s'e the s(jur or acid taste. 

Second : Take a di-op on a glass rod and touch it upon blue litmus- 
paper. It should turn the paper red. 
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Third: Pour a few dru[)s of the liquid into a solution of argentic 
nitrate (that is, nitrate of silver) in a test-tube or other convenient vessel : 
a white precipitate of argentic chloride will be formed. 

The method of producing ehlorohydric acid just described and illus- 
trated, is followed in the manufactin-e of the substance for treneral chemical 




Fii:. 19. — Section of furnace used for manufacture of ehlorohydric acid. Com- 
mon salt and sulplniric acid are placed in tlie large retort A ; upon heating, 
ehlorohydric acid passes into tlie receivers C, C, C. 

purposes. It is also employed for the production of the enormous quanti- 
ties of it incidentally used in the manufacture of bleaching-powder. 



Experiments with Common Salt. 



Chlorine has already liecn shown to combine with the metal silver 
producing the cimipound designated by the f >rnuda Ag CI, and called 
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aro-entic chloride and also chloride of silver. Tliis substance may als(j be 
prepared \'ery easily sonie\vhat as follows : 

^lake a solution of nitrate of silver. Prepare it either by diss<jlving 
in water the crystals sold by apothecaries, or l)y dissoh-ing a small piece of 
silver in nitric acid. Then make a second clear solution, by dissolving 
common salt in ordinary water. Add the salt solution cautiously, drop by 
drop to the silver solution. There immediately appear thick masses of 
white flakes which sooner or later fall to the bottom of the vessel. These 
flakes consist of the argentic chloride (Ag CI) , also called chloride of silver, 
already referred to. 

The chemical change is represented by the following equation : 

AgNOa + NaCl = AgCl + NaNOs 

Ooe molecule of One molecule of One molecule of One molecule of 

Argentic nitrate, Sodic chloride, Argentic chloride, Sodic nitrate, 
\m\ ns-^ 143 85 

parts by weight. parts Ijy wcitrht purts by weij^Hit. parts by weight. 
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This white precipitate produced in this experiment possesses some 
special interest from its use in photography. In fact chloride of silver, as 
a thin film upon the surface of the phot(jgraphic paper, is the principal 
substance which, by its sensitiveness to light, produces the photograpliic 
picture. In fact any one, who tries the experiment last described, will 
soon observe, upon preserving the chloride of silver so produced, that it 
rapidly grows dark upon exposure to sunlight. 



Bleaching- Powder. 

The substance known as bleaching-powder may Ije spoken of in a 
general way as consisting of lime saturated Avith chlorine. Tiiis dcsciip- 
tion points very justly to the method of producing the substance, but gives 
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no idea of the chemical arrangement of the constituents. Scheele early- 
noticed that chlorine gas possessed decided bleaching power, and the 
French chemist, Berthollet, soon called attention to the possiljle applica- 
tions of the substance in the bleaching industries. But its annoying odor 
made it im[iractical)le to use chlorine on any large scale in the state of 
gas, and forbade tlic use of it even when dissolved in water. At length, 
twenty years after the discovery of the gas — that is in 1798 — the plan of 
absorbing cldorine in lime was hit upon, and here may be discovered the 
beginnings of the bleaching-powder industry, now one branch of the alkali 
trade, the greatest chemical industry conducted by man. This bleaching- 
powder, at first a mere chemical curiosity, is now manufactured by the 
thousands of tons, and is used in the bleaching of cotton and linen 
goods, both in the form of cloth and in the form of the various kinds of 
paper. 

In another place reference is made to the vast proportions attained by 
the alkali industry, meaning the manufacture of certain compounds of 
sodium, the one [)roduced in largest quantities being doubtless sodic car- 
bonate (Na^COg), commonly called soda-ash. In trade this substance is 
called an alkali because of certain alkaline properties it possesses, but more 
strictly speaking it is called a salt — sometimes an alkaline salt. In chemis- 
try the single term alkali is reserved fir certain compounds called hydrates, 
of which indeed sodic hydrate — ha^'ing the formula XaOH, and often 
called caustic soda — is an appropriate example. This latter compound is 
at present manufactured on a large scale in connection with soda-ash. 
Now althougji the Leblanc process — wliich lias long been used for manu- 
facturing soda-ash — is at pi-esent meeting with a powerful and successful 
rival, yet the older process has still a strong hold upon Hfe in the fact that 
it gives rise, as a con\'enicnt incidental product, tn vast i[uantities of chloro- 
hydric acid. The meaning will be Ijctter understorjd when it is explained 
that the first step of the Leblanc process is to add sulphuric acid to com- 
mon salt. Two substances are here produced : the one is sodic sul[)hatc, 
to be carried forward until it is turned into sodic carbonate ; the other sub- 
stance is chlorohydric acid, a compound largely used in the arts, and 
especially in the manuficturc of bleaching-powder. 
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In tlic prciduction of Ijleacliiiig-powder, the first step is to mingle this 
clilorohydric acid and manganese di-oxide. Cldorine gas is thus generated, 
much as it is when the experiment is conducted on a small scale as alroady 
describcd. Tlie chlorine so generated is passed into a chamber provided AN'itli 
shelves and containing slaked lime. Hereupon the lime absorbs the chlorine, 
gi^•ing rise to a new substance called bleaching-powder — also known as 
chloride of lime. From wliat has been said it is evident that chemists 




F:g. 22. — Apparatus for producing bleacliing-powder (by passing chlorine gas, 
generated in A, upon quick-lime spread ujjon the shelves). 



know perfectly well what elementary substances enter into this compound. 
Vnxt there are decided differences of opinion as to tlic exact way in wliich 
the atoms are arranged. Bleaching-powder is generally considered to be 
a chemical union of calcic hypochlorite and calcic chloride with the addition 
of calcic hydrate. The following representation may serve as a formula 
for the conuiound : 



CaCLO, 
(Calcic hypochlorite. ) 



CaCL 
(Calcic chloride.) 



(Calcic hydrate.) 



■n: 



\ 



r^^^-^^^i^-Ns ^ 













Fig 30.— Representation of the old method of bleaching cotton and linen goods on lawna. 
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Tlie use of bleaeliiug-powiler offers certain achantages. Tlic fol- 
lowing are si:une of tlieni : 




Fig. 23. — Api)aratus for " souring" cotton cloth liy passinp; it into dilute acid, 
before submitting it to the action of bleaching-powder. 



— Tlie eomponnd is itself wliite. 

— It is a powder wliieli ean lie easily handled, packed and transported. 

— 'With reasonable precautions, the active bleaching agent chlorine 
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is retained by the powder in available form for a considerable length of 
time. 

— In actnal use in the jirocess of bleaching, the entire amount of chlo- 
rine originally stored up in the powder may be liberated in contact with 
the goods to be Ijleached. 

— The liberation of this cldorine is easily aflected. The addition of 
almost any acid will accomplish it : even the carbon dioxide of the atmos- 
phere will suffice. 

In the bleaching of cotton goods chlorine is not the only agent 
relied upon, though it seems to be an essential one. At least three other 
substances are employed to contribute to the bleaching. Each of them 
either removes some colors or stains from the goods, or so modifies them 
that the solution of bleaching-powder — one of the last agents to be 
employed — can the easier finish its work. The three substances referred 
to are milk of lime, diluted sul[)huric acid, and sodic carljonate, also called 
soda-ash. 

The pieces of cloth, being sewed together into continuous strips many 
miles in length, pass from one licpior to another, with "wasliings in water 
at proper times, until finally, after being fully whitened l)y the chlorine 
preparation and then receiving the final washing in Avater, they emerge from 
the M'orks, completely bleached. 
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CHAPTER XI. 



BROMINE. 




IROMiNE is an elementary substance, which was first recof- 
nized as such in the year 1<S26. It was detected by Antoine 
Jerome Balard, a French chemist, who, at the age of twenty- 
fom% was so fortunate and skillful as to discover this inter- 
esting substance. He lived at Montpellier, not far from Marseilles and but 
a few miles from the Mediterranean. The waters of this great inland sea 
contain about one-tenth more mineral salts than those of the larger oceans, 
and so it has long been the custom along the southern coasts of France to 
evaporate these waters for the production of common salt. After this 
])rincipal constituent is removed, there remains a strong brine called bit- 
tern. While experimenting upon this bittern, Balard was struck by a 
])eculiar orange-red coloration of great intensity which appeared at certain 
stages of his work. Upon further study, he was able to demonstrate that 
this color was due to an elementary substance hitherto unrecognized. Thus 
lie had the felicity of securing for his name permanent renown as one of the 
few philosophers who have been able to detect a new member of that 
family of prime and fundamental materials from which is built the struct- 
ure oi' the universe. 

It lias already been stated that the elements at present acknowledged 
arc less than seventy in number, and some of these were known to the 
ancients. In some cases, a single indi\'idual has been able to recognize 
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several new ones : thus Scheele has ah-eady been mentioned as the disecn- 
erer of manganese, barium, and chlorine. So it appears that of all the 
eminent men, whose conscientious labors contribute to the buildini- of the 
science of chemistry as a noble and harmonions edifice, necessarily but fc^v 
can possibly hope to attain the specially conspicuous honor of lia\ino- their 
names forever associated with the first discovery of any of the primary ele- 
ments. An interesting story is told of the eminent German chemist, 
Justus von Liebig, in connection with this particular subject. Some years 
before Balard's discovery there was sent to Liebig, from a German estab- 
lishment where salt brines were employed, a flask — whose contents were 
afterwards found to contain bromine, or at least to be very rich inljromine 
— with the recjuest that he examine the contents. The general appearance 
of the substance seemed to be that of chloride of iodine, and this circum- 
stance led Liebig to neglect making a more searching investigation. Afiter 
Balard had published his discovery, Liebig perceived his own unfortunate 
oversight, and occasionall}', of course not without some bitter regret, he 
displayed to his friends this interesting flask, to show them how one niiglit 
fail to make a discovery of tiie first importance by reason of some trifling 
oversig-ht.* 



Distribution of Bromine. 

The name bromine is derived from a Greek word (li/iw/jnc, bronios, a 
bad smell) which suggests the very pungent och.ir of its vapor. The sub- 
stance occurs in the brine of the ocean and in that of mineral springs. 
But of course it dijcs not exist there in the uncombined form ; instead it 
is united with certain metals in the form of briunides. In sea-water the 
principal bromide is bromide of magnesium (]MgBr., ). 

*ScuuTZENEEKGER, Paul : TiaHede Chimie GintruU. Paris, 1880. i, 375. 
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Experimental Preparation of Bromine. 

Bromine may be prepared 1)y anyone who is willing to take a little 
troul.ile. 

Place in any snitable glass vessel a small amonnt of manganese 
dioxide, some potassic bromide (connnonly known as bromide of potas- 
.sium). tlien some water, and finally a small quantity of chlorohydric acid. 
Bromine is almost instantly liberated, and shows its presence by imparting 
to the li(jnid an orange hue. If the vessel is covered lightly, and then 
gentle heat is applied to it, the bromine will Ijc expelled from the liquid 
and will appear al)ove it as a heavy vapor of a rich reddish-brown color. 
Some care nnist he exercised however in condn(;ting this experiment, 
since the ^apor is very irritating to the eyes and also to the throat, and it 
lias a general corrosive effect u})on most substances with which it comes 
in contact. 



Chemical Properties of Bromine. 

In its chemical relations Ijromine shows '\ery decided resemblances to 
chlorine, having affinities for the same snlistanccs, only less in intensity. 
Since its disco\ery it has found a considerable number of uses. Thus it 
is an important sul^stancc in the processes of photography ; and the enor- 
mous expansion and growth of this art within a very few years has 
recjuired in tlie aggregate large (juantities of bromine. The considerable 
demand ior bi'omine. ■\\ hich at first increased its price, has produced, 
as might lune been anticipated, a stimulating inffuence upon the 
manufacture of it. I'liis has led to greath' increased produt'tion of 
the suljstance, not oidy in Europe but alsi.i in the United States. In 
Pennsyh ania, (Jhio, and A\'est ^'iiginia it has lieconie an important article 
of manufacture : in fact, the United States now fiu'nishes the largest 
pi'oportion of the entiie amount of the material pr(i(luced in the 1\ orld. 
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One of tlie most ini[)oitrtnt cdinpoiiiuls of broinine is that produced l)y 
its union witli sil\t'r. AVe refer to argentic lironiide (eonnnoidy called 
bromide of sil\er, Ag Br) . This substance may be easily produced hy 
the following simple experiment. 




j-,0. 2+. — Louis Jacques llande Daguerre, from ivliom 
tlie daeuerreotype was nnuied : born at Cormeilles, 
(France,) 1789; died, 1851. 



To a soluti(jn of jiotassic bromide in water add a water solution of 
ai-o-entic nitrate ; a white, or yellowish-white precipitate inunediately 
appears. 
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The cliemical change i.^ represented by tlie following equation : 
KBr + AgNOa = AgBr + KNO3 

One molecule of One molecule of One molecule of One molecule of 

Potassic bromide. Argentic nitrate, Argentic bromide, Potassic nitrate, 
119 1601 ]87i 101 

parts by weight. parts by weiglil. parts by weight. parts by weight. 

2881 ~288i 

This argentic bromide produced, at first nearly white in color, has 
the power of becoming black upon exposure to light, and it is this 
important property whicli makes the substance suitable for use in the pro- 
cessess of photography. 

Again in the form of potassic bromide, bromine has had a very wide 
and beneficent use as a remedial agent ; it is still largely used in the 
manufacture of the salt mentioned. 
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Fig. 25. — Photographer at work in a room lighted through a window of red glass. (Red 
glass cuts off the chief actinic, or chemical, rays of sunlight.) 



CHAPTER Xll. 



IODINE. 





1 



'ODINE elong's tci what may be called a chemical family, the 
other members being chlorine and bromine. All three of these 
elements are found in sea-water, but in very different quanti- 
ties. Thus chlorine is extremely abundant ; bromine is in the 
water in minute c^uantitics, while iodine exists there in amounts that are 
exceedingly small. They all exist as salts, of which of course chloride of 
sodium is by far the most abundant. It has already been sliown that 
bromine is obtained from sea-water, after enormous amounts of tlie water 
have been concentrated by evaporation. But iodine, the third element of 
this group, exists in sea-water in quantities so very minute that it can- 
not be extracted from it at any practicable cost. Even the concentra- 
tion method, just alluded to, is not applicable in the case of iodine. It 
happens however tli.it sea-weeds ]ia\e the power of extracting from sea- 
water even the exceedingly minute amount of iodine, or of iodides, tliat 
the water contains ; and moreo-\'er when sea-weeds are burned, iodides are 
found in their ashes. 

The Discovery of Iodine. 

The discovery of iodine is associated witli the liistory cjf certain of 
the most important and interesting prcidiirts of tlie clicmical arts. It also 
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has a striking connection with some of tlic political and military affairs in 
France, and indeed in Europe, in the early years of the present century. 
Finally, its great usefulness to mankind is in marked contrast "with the 
misf irtunes that overtook its discoverer. 

The discovery of iodine is directly referable to the old soda industry. 
The term soda is a general one, and it was formerly used to include several 
different chemical compounds manufactured from the ashes of sea-weed. 
Decidedly the most important of these is sodic carbonate. This substance 




Fic. 2(.;. — Gatlieriiig the harvest of se.a-weed for the manufacture of soda-ash. 

lias a ^vell marked alkaline reaction, and altliough not an alkali in the 
strictest chemical sense, it is yet the principal product of that greatest of 
all the chemical industries known as the alkali trade. (See pp. 94 and 99.) 
During the last sixty years, and alter many early trials and fiilures, the 
production of the various alkaline com]iounds of sodium litis risen to 
enormous prop(]rtions, such that in England alone the dailv product of 
sodic carliontitc, the princi|ial one, is probably more thtin two thoustwid 
tons. riiis vtist tiiiKunit of tilkali is ronsumed liv ci\i]izcd pco])les in 
some of tlicir most cxfeiisixc industries such as the manufacture of soap 
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and of glass, awl in manv processes of Lleacliiiii;'. The extension of 
these branches of husiness has of course gone hand in hand \\\X\\ the 
increased production of alkali. Indeed, on the one side there has heen a 
steady diminution in price, and on the other a stea<ly increase in consump- 
tion ; prohahlv each circumstance )nav be considered as both cause and 
effect of the other. Prior to 1793 however, the demands for alkali — 
vastlv smaller thaii to-day — were all satisfied by the material obtained 
from the ashes of marine plants. Thus along the coasts of Great Britain, 



France, and especially of Spain, sea-weed of various kind 
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FiG. 27. — Varieties of sea-weeil used to produce rarecli. 
ered as a verv important ]iar\'est. Some of tlie A\-ccd '^^'as used as a 
fertilizer of the soil ; more was dried and burned for the sake of the ashes. 
On the British coast the asli was known as Ze//) ,' that prodiiced on the 
coasts of Xormandy was called varecJi ; and that produced on the Span- 
ish coast went Ijy tlie name of hfiriUa. 

Xow one of the important indirect effects of the Frencli luMolution 
was that felt by the consTimei's of the nld-fashioned alkali. Tu 170.3 an 
embargi) was put upon the supply of allcallnc ashes, such as kelp and 
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barilla, into France. But the French demand for alkali, not only for 
ordinary purposes, but also for the f)i"oduction of the great amounts of 
saltjjetre required for the manufacture of gunpowder, was imperious. Tlie 
immediate effect, therefore, was to create the sudden development of a 
process called the Leblanc method, by which alkaline compounds of sodium 
are made from common salt. aSTotwithstanding the stimulus of the pro- 
hibitory embargo and the fostering helji of the government of Napoleon 
Bonaparte, the complexity of the Leblanc process was such that it was 
slow in gaining a foothold as a j^ractical industrial method. But after its 
first successful establishment as a regular business and up to almost the 
present day the application of this j)i'ocess has continually widened, and 
the method has held undivided sway in its important field. In the 
year 1811 Bernard Courtois, a French chemist, Avas engaged, just as other 
manufacturers were, in the production of nitrate of jiotash, or saltpetre, 
for use in gunpowder. In the course of this work he employed soda 
obtained from varcch. In order to separate the alkali from the varech in 
a more refined condition the raw varech was subjected to a very careful 
purification. At certain stages of his experiments Courtois discovered that 
the addition of sulphuric acid gave rise to the production of a magnificent 
violet vapor. He did not make the matter public however until late in 
the year 1813, when he brought the subject to the attention of Sir Hum- 
phry Davy, the distinguished Englisli chemist, who was then visiting 
Paris. The next year, 1814, the substance was carefully investigated by 
Gay-Lussac, -^A-ho ga^-e to the world a very full descrijotion of its proper- 
ties, and W'ho called it iodine from a Greek word (loetSrjc, ioeides, violet 
colored) , suggesting the striking and characteristic color of its vapor. 
The political events of 1815 rtiined the business of Courtois, and he sunk 
into poverty from which ho was not able to recover, vmtil finallj' he died 
in 1838, poor and almost forgotten, leaving a widow who was forced to 
win her bread by the labor of her hands. 

Present Sources of Iodine. 

Although kelp, varcch and l)arilla are no longer used for tlie direct 
purpose of affording alkali, tlu-y are still produced with a view to their 



lODIXE. 



109 



yielding iodine. On the rougli and stormy coasts of Scotland, Ireland, 
France and Spain, large quantities of sca-wecds are cast ashore. They are 
collected, tlicy are dried in tlio sun, they are then burned, and their ashes 
are employee! — luit principally in the manufacture of iodine. Thus on 
the coasts of Brittany and Xormandy the occupation of collecting weeds 
occupies three or four thousand flimilios for the larger part of the year. 



Experimental Method of Preparing Iodine. 



Iodine may be prepared in a manner closely resembling the process 
already described for brommc ; that is, by placing in a suitable glass 
vessel a small amount of Bianganese dioxide, some potassic iodide (com- 
monly known as iodide of 
potassium) , then some wa- 
ter, and finally a small c^uau- 
tity of clilorohydric acid. 
Iodine is almost instantly 
liberated, and shows its pres- 
ence by imparting to the 
liquid a bro\\'Tiish color. 
If the vessel is covered 
lightly and then gentle 
heat is applied to it the 
iodine will be expelled and 
appear in the vessel above 
the liquid as a hea^y ^-apor 
of a rich violet color. This 
vajjor readily condenses on 
the upper and colder portions of the vessel in the form of minute crystals 
of a color almost black. Tliis is almost precisely the method employed on 
the large scale for the production of iodine from kelp. 
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-Cliang'uig ioiline to a 
mt.ans uf licat. 



violet vapor by 
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Chemical Properties of Iodine. 

The chemical characteristics of iodiiie are throughout closely allied to 
those of chlorine and of bromine, only in general iodine may be said to 
have Aveaker chemical affinities than either of the other two. 

Iodine produces compounds of the same general type as the others, and 
of this an example is found in argentic iodide. The following method of pro- 




FiG. 29. — Apparatus userl in the manufacturing process for 0I3- 
taining iodine. Tlie retorts C, C, are surrounded by sand (s:ind- 
bath) ; the lieat drives iodine, in form of vapor, into tlio 
receivers, A, A, wlaere it solidifies. 



ducing it can be iollowcd by almost any one. Prepare a solution of nitrate 
of silver in water, and tlien add a water solution of potassic iodide ; a 
chemical change takes place, with the production of a yellowish-Avhite precipi- 
tate. This precipitate is argentic iodide. Upon exposure to sunlight it 
readily changes in color, becoming almost black. This is an imjiortant 
characteristic and is made use of, as is tlie same property possessed iy 
argentic bromide and also by argentic chloride, in the production of the 
photograpli. And while it is a fact, and one well known, that many of 
the salts of sihcr blacken more or less upon exposure to sunlight, it is 
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found that the chloride, the liromide, and tlie iodide, have properties par- 
ticularly fitting them for the purposes of photography. In discussing l)ro- 
mine, reference was made to tlie influence of the great expansion of the 
photographic btisiness ; and this circumstance has stimulated the demand for 
iodine just as for hromine. It was also pointed out, that potassic liromide 
is an important remedial agent ; potassic iodide is likewise of great 
medicinal value. 



Starch as a Test for Iodine. 

Iodine, when in the free or imcorabined condition, has a remarkable 
and very jieculiar way of attaching itself to granules of starch. 

This property may be demonstrated by a simple and attractive exper- 
iment. Thus if starch is boiled with water and then the hot mass is 
poured into cold water, minute particles of starch distribute themselves 
through the lirpiid. If to this liquid a very small amount of free iodine, 
in the form of a solution, is added, the starch instantly takes on a deep 
blue color. If to another portion of the same or similar starch suspended 
in water, iodine is added in a combined form — that is as potassic iodide \ 
for example — absolutely no change of color is detected. These two exper- 
iments show that the iodine only attacks starch when the iodine \sfree and 
uncombined. 
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FLUORINE. 




F Fluorine it is necessary to made the remarkable statement 
that it liaa ne\ er been known to be produced isolated, that is 
in a separate or uncombined form. !Many experiments ha-^e 
been performed for the purpose of reaching this result, and though 
none of these have resulted in the production of the element sought, they 
lead us to believe tliat the element is a gas. For, if it were a solid or a 
liquid at ordinary temperatures, it may Ije safely supposed that some pro- 
cesses that have been devised Avould be capable of producing at least a 
small quantity of the elementary substance, and that from this the observer 
would be enabled to recognize and discover at least some of the properties 
of tlie fluorine itself. 

Properties of Fluorine. 



Tliere are a nmnber of compounds known whose vai'ious properties, 
powers of chemical interchange, and special molecular ^veights, clearly 
point out the existence in them all of a certain peculiar element analogous 
in many res])ccts to chlorine, liromine, and iodine. To this element the 
iKuiio liu' iiio has Itccn given. Although, as before intimated, it has 
nut Ih'cix kni)\\n to ]ia\e Ijcen obtained liberated, its properties in these 
coiiibiiii il f )i-m3 lune lieen carefully studied and well made out. Thus, 
like cliloi-hie an(l i's family associates it combines with hydrogen to form 
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Ein acid, fluohydrie iieid (IIFl), ])rii[>orly comparahlu witli the acids fdriiicd 
bv tlie tliree eleiuents last discussed : 

Chlorohydrio acid, IICl. 

Bromdhydric acid, IIBr. 

lodohvdric acid, H I. 

It ;dso combines with the metals to form fluorides. The best example 
of these fluorides is that compound in which fluorine most commonly occurs 
in nature : that is fluor-spar, the mineral substance whose chemical name is 
calcic fluoride, and whose composition is expressed by the formula CaFl^. 

The property above all others that is characteristic of fluorine is, how- 
ever, its striking affinity for silicon. "With this element it readily combines 
under almost any circumstances. More wonderful still, the compound 
produced Avith it is a gas. Now in general the compounds of silicon are 
solids. These solids are many of them familiarly known in those materials 
■which constitute the principal portions of the stable earth on which we 
tread, of the rock beneath it and of the enduring mountain masses that 
here and there pierce through the soil and raise their crests abo-^-e the gen- 
eral le^el. The majority of these earthy and rocky substances are sdicates. 
It is apparent then that the compounds of silicon are types of solidity and 
stabilitv. They cannot be melted except in the most po-s\'erful heating 
appliances, and the chemist can hardly imagine conditions such as would 
change them into ^apor. So then it seems strange and almost contra- 
dictory that fluorine should \\a\q the power of attacking compounds 
that seem to lie the embodiments of permanency itself ; — yet it readily does 
so. TIius if fluolivdric acid comes in contact with silicon, whether that sub- 
stance is in combination as sand or as hard rocky minerals, the fluorine atoms 
pluck out the silicon and then they fly away togetlicr in the form of gas 
or vapor. Again, fluohydrie acid m:iy be spoken of as the unirpie agent 
that readily attacks glass and diss(jlves, and even destroys, this ordinarily 
unchangeable substance. 

Finally, there may be added -what can be said of no other element, 
namely: that flu(jrine is ncser known to fiinu any compound with oxygen. 
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Discovery of Fluohydric Acid. 

It id not easy to refer tlie first knowledge of fluorino t j any partleiilar 
diseo\erer. Perhaps In iwe\er renewed mentiou of the ingenions Seheele 
is not out of place here ; for it seems to have been he who for the first 
time, and as carlj' as 1771, reeognized fluohydric acid as a speelal aeid. 

lie called it fluoric aeid, but he did not 
obtain a correct idea of its composition. 
Seheele prepared the acid from a '\\-ell- 
known mineral, fluorspar, and by tlie 
addition of sulphuric acid. This operation 
cannot be jJCi'tbrmed to advantage in a 
glass or porcelain vessel for they contain 
silicon, and as has been suggested alread)-, 
silicions matters are freely attacked by 
the acid produced. The decomposition 
therefore is commonly conducted in a 
retiirt of lead, or in one of platinum, and the acid produced is collected in 
a receiver, also constructed of one of these metals. 

The chemical change is represente<l liy tlie following eqaatiLiu : 




Fio. 30. — Platinum retort and re- 
ceiver shown with its sevenil 
parts separatuil. 



CaFlj 

Oue molecule of 

Calcic lliioridr 

parts l\v weidit. 



H.SOi 

Odc iQolocuk- of 

Sulplmrie acid, 
98 

p:lvN hv w-fiL'Ilt. 



in.; 



2HFI -i- CaSOi 

Two moU'Cules of One molecule of 

Fluohydric ticid, Calcic sulphate, 
40 lOG 

parts by wr-iL''l]f. parts hr -woiirlit. 

170 



(Ordinarily the prodtiet is a liquid, and consists of water holding i:i sohi- 
tion tlic fluohvdric acid ( IIFl) . It is possible however to prepare the acid free 
\'yo\\\ water, and still in a liipiid form. But in this condition it is one of the 
nmst dangerous, poisonous, and corrosive sul)stances known. It produces 
painful burns if it falls upon the flesh, and fatal residts ha^•e been known 
to follow injuries recei^•e(l from it. Thus i;i l^ili'.', Pr(_>fess(n' Xickles, an 
eminent Freneli chemist, died from injuries sustained liy the accidental 
inhalation of fluohydric a"id -Napor, -while studying the properties of the 
substance. 
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Etching Glass by Fluohydric Acid. 

The effect of fluuliydric aci<l upon glass inav lie sliowu in attractive 
fonii, and ^xithout anncli difficultv or danger, 1)V tlic lieli) of a small dish 
of lead and a plate of glass to cover it. Iheso Ijcing provideil, the experi- 
ment may Le conducted somewhat as follows : ]Melt a little heeswax 
upon the glass so that the wax may form a thin film upon one side of it. 
Tlien allow the wax to cool and harden. Xext, by use of any convenient 
pointed instrument, draw some sketch or design deep in the wax — in fact, 
to the surface of the glass. Next place some powdered fluor-spar in the 
leaden dish, and add to it some concentrated sulphuric acid. Xow cover 
the dish, with the glass already prepared, in such a way that the sketch 
or design is turned downward so as to recei\'e the fumes of fluolndric 
acid as they rise from the inLxture in the dish. It is easily understood 
from what has been said already that the fluohydric acid will attack the 
glass, carrying away /■^^^:Sr"~j^ 

some of its silicon in [ '^\ *^^1 

the form of gas or > 1^ <Li 

vapor. As a result ^'f^i 

of this action, minute 
channels are forme<l 
in the glass. When 
the experiment is 
thought to Ije suffi- 
ciently advanced, the r- „ Tl, ■ , , ■ , 

■' Fig. 31. — rlauijum retort and receiver shown as arranged tor 

wax may be reuKJved production of fiuohydric acid (HFl). 

from the plate by melting it off or otherwise ; thereupon it will be discovered 
that the glass has actually 1)ecome etched or cngra\'ed by the fluohydric acid gas . 
In 1788 Puymaurin presented to the French Academy of Sciences 
such a glass plate, upon whicli there was a beautiful fltioric etching re])re- 
sentino- Chemistry and Genius weei)in!J at the tomb of Scheele, ^^■ho bad 
contribute<I SO much to the history of flnohydi'ii' acid. "This \\-oi-k,"' -ays 
Haiir, '-was of interest to tlic .\cadeniy on arcouiit ni' tlio fitness (if tlie 
subject as Mell as tlie elegance of its execution." 
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Practical Application of Fluohydric Acid. 

FliioliytlriG acid, formerly a mere chemical curiosity, has now becom.e 
a familiar article iipun the shelves of the druggists. It is sold in gutta- 
2)ercha bottles '\\'ith rubber stojipers. It is often used by jewelers to 
correct errors in the application of silicious enamels ujion their work. 
Thus if the enamel has been incorrectly placed, it may be removed by fluo- 
hydric acid and afterward a new portion mnj be introduced in the pro2:ier 
position. Again, it is largely used in the decoration of artistic glass 




!FiG. 32. — Leaden traj' and glass plate. The tray is intended to 
receive the materials for production of fluohydric acid; the 
plate is represented as covered with a varnisli, through which a 
sketch has been drawn, preparatory to etching. 

objects, such as gloljes for gas chandeliers, and the multitude of articles of 
table glass ware. In engraving such objects, they are first covered with a 
suitable varnish that will resist the fluohydric acid, then the desio-n is 
drawn through the tarnish with a sharp needle ; afterward the article is 
exposed to the gas and etched in :i manner similar to that alreadv descrilied. 
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OXYGEN. 




XI GEN may justly cliilin a liigh degree of importance as a 
subject for tlie study alike of the professional chemist and the 
,: casual reader. This importance depends upon a variety of 
■ considerations. Among tlicm are the surpassing abundance of 
the substance itself, the great number of compounds into -which it enters, 
the activity of its chemical powers, and finally, the interesting circum- 
stances under ■which its distinct recognition, or, as perhaps we may say, 
its discovery, was attained. 

Its great abundance has been pointed out already in the declaration 
that oxygen makes uj), by weight, fully one-half of our terrestrial glol)e — 
including earth, ocean and air. The air is about one-fifth oxygen by 
weight ; all water, wherever existing, is sixteen-eighteenths oxygen by 
weight, while quartz, sand, and other similar widespread and most com- 
monly occurring mineral matters, are a little more than one-half oxygen. 
Other solid matters than the rocks, such as most parts of the material 
structures of animal and vegetable beings, contain oxygen as an impor- 
tant constituent element. AYhile thus we have scanned the great nmlti- 
tude of substances spread immediately alxjut us by the hand of nature, 
and found oxygen in them all, it is none the less true that oxygen is an 
important factor in artificial products — tljat is, those resulting from man's 
manufacturing operations. 

Chemical Activity of Oxygen. 

.Vgain, owgcu plavs a p:irt of cxcerding aetivity in somi.^ c.f tlic 
grande>t clieniieal processes of natui'e and of tin' arts. 

(117) 
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For example, it is essential to the vital proeesises of all animals. 
"Wherever a living being inhales the breath of life, whether from 
the fresh air of the mountain tops, or from the pojjulous streets of 
the swarming metropolis, or from the solitary deck of the bark that 
creeps with the ocean's currents ; or wherever the humbler servants of 
man's table find their way through unexplored depths of the ocean and 
pluck from its Ava\'es the modicum of life-giving gas dissolved within 
tliem ; there is this wonderful agent, which has no substitute, sustaining 
by acti-i'e processes truly chemical, that vitality of man or of beast which 
gives to nature its forms of highest beauty and most admirable intelligence. 

Again, oxygen is the necessary agent in all ordinary combustions. 
So wherever a figgot, glowing beneficently in a sparsely peopled forest, 
helps to sustain man's vital spark ; or, where in a highly civilized com- 
munity, the fires on the altars of modern industry draw from the flinty 
rocks the metals that serve to give employment to millions of children of 
toil ; — there oxygen is ever active, the true supporter of the combus- 
tion of all those flames which in the past have served as signs 
of life and civilized activity, and which are still the best symbols of 
vitalitv and intelliijence. 



The Discovery of Oxygen. 

The first discovery of oxygen is usually attributed to Dr. Joseph 
Priestley, an English clergyman and student of natural science. He lived 
in a time when men's minds all o^er Europe were stronglj' drawn toward 
the pursuit of chenncal knowledge. In fact, at almost the same moment 
that Priestley -ivas enthusiastically conducting his experiments, Scheele 
was also jiroducing oxygen in his apothecary's chamber in Sweden. And 
the brilliant Lavoisier, prominent among the men of distinction who 
thronged tlie gay capital of France, M-as also working in the same direc- 
ti<iii ; it was he, wlio said about oxygen m one of his own chemical 




Joseph Tkikstlkv, 

Born near Leeds, England, March 13, 1733 ; died in NortliumberlanJ, I'a., February 6, 1S04. 
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Avorks : "(V't air ([ue nous a\(ms derom cit }>i't's<|uo en iiu'-ine temps. Dr. 
Priestley, ]\I. Seheele et iiKji," so that lie is sonietiiiies (leclare(l liy liis 
entiiusiastic countrymen to be entitled to the merit of the earliest (lise(j\ery 
of tliis most magnificent of elements. 

Priestley's life included ample materials for a romance. On the one 
hand, the ingenious discoverer in physics and chemistry and the friend of 
that Benjamin Franklin — who was then minister at the brilliant court of 
France from a handful of colonies that appeared capable of l)eing plucked 
up l)y the roots, but were instead destined to grow to an unriyalled 
empire — himself a figure in a romance ; and, on the other side, a preacher 
to a dissenting congregation ; a victim of public odium for his liberal 
opinions on religious and political subjects ; his house set on fire by a mol), 
his apparatus ■n-recked, his library cast to the winds ; finalh% an emigrant 
with his wife and children to an almost unknown village in Pennsylvania, 
whose little burial-ground still gives his bones repose ; — these are but l)rief 
suggestions of the trials of this pierturbed sjurit, in his life "sadly driven 
about and tossed," now cherished as one of those who in the realm of 
thought has made no mean contribution to the fflory of the Eno-lish name. 

Dr. Priestley prepared oxygen from red precipitate of mercury, a 
sulistance now designated hj the name mercuric oxide and liy the formula 
HgO. Heating this substance in a receiver and by means of a burning 
glass or lens, he observed that a peculiar kind of air was evolved. lie further 
discovered that this air had an unusually stimulating influence upon Ijurn- 
ing bodies, and was well suited for the respiration of lining animals. 
Priestlev"s prime experiment was performed on the first day of August, 
1774, a date wliich may l>e aceepteil as almost tlie birthday of modern 
cheniistrv. 

Like many other great disco\erers, Priestley was, to a certain degree, 
anticipated. Tluis a certain dohn INLn'ow, an English piiysician, fully a 
hundred years before the time of Priestley's experiment, enunciateil the 
doctrine that the atmos|)herc contains an air, in a certain sense tlie essen- 
tial food of animal lil'e and of ilanie. Puit t!iesc Avondei-fnl A ie\\'s of 
Mayow, brouglit forward too early for the state oftliouglit at liis time, lay 
dormant and unproducti\e for an entire eentur}-. 
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First Method of Preparing Oxygen. 

Oxygen may be prepared in luany ways, Ijut only t\vo need receive 
attention liere. Tlie first method is Priestley's. If tlie red oxide of mer- 
cury is heated over a 2">0Averful gas flame and in a tube of not easily fusible 
glass, the oxygen passes from the metal and may be carried by any small 
conductin<x tube into a convenient receiver filled with water and standino- 
in the j)neuniatic trough. If the gas so collected is tested by means cif a 
candle, having only a spark on its wick, the oxygen is readily recognized 
by the fact that the tajier promptly biu-sts into a full and brilliant flame. 
This method is of historical interest chiefly, though it may well attract some 
attention from the simjilicity of the chemical change in-\'olved. Thus tliis 
change is represented by the following equation : 

2HgO heated = O^ + 2Hg 

Two molecules of 

Mercuric oxiile, 
432 

parts by weiglit. 



One molecule of 


Two atoms of 


Oxygen, 


^[ercurv. 


33 


4011 


parts by weitrht. 


parts by weic^ht 



432 432 

A word about the jmeumatic trough is not out of place here, because 
this useful contrivance was the invention of Priestley. The name may be 
apjiropriately applied to almost any -sessel of water in which may stand tlie 
open mouth of a bell-glass suitable for containing gas. The water serves 
at once to seal the mouth of the jar, and also to afford a material through 
which the exit tube of an appliance may be dipped, and through which also 
the "-as from the tube mav freelv and convenlentlv flow into the Ijell-oflass. 
P)cfore Priestley's time gases had been collected in l)ladders or ^-arnished 
bags, but the new contrivance furnished a much superior means of detect- 
ing small cpiantitics of gas and working with them. 

Second Method of Preparing Oxygen. 

The Si'cond method, and tliat oftencst ])ursued, cnqiluvs a salt not 
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known in Priestley's time. This salt is called jiotassie chlurate and is 

represented by the formula KCIO3. 

This sniistanee, ^vhen lieated, evolves a large amount of oxygen, hut 

it does so with almost explosive A'iolenee. 

The chemical change is represented hy the following ctpiation : 
2KCIO3 Jieafrd = 2KC1 + 3O2 

Two molecules of Tvvo molecules of Tiii-ee molecules of 

Potassic clilorate, I'otassic chloride, Oxygen, 

245 149 96 

]iarts by weight. parts by weiglit. parts bv \^eigbt. 

■>4:i 245 

C)n the other hand, if the potassic chlorate is niLxed with about one- 
third of its -weight of the earthy mineral known as black oxide of manga- 
nese, (bnt called by the chemist, manganese dioxide,) the mixture when 
heated evolves oxygen more slowly and continuously than the chlorate 
alone — and it does it at a lower temperature. Strangely enough how- 
ever, the manganese dioxide appears to take either no chemical part in the 
operation or else only a very obscure one. Indeed, some other oxides will 
ser^•e the same purpose, while they likewise appear to undergo no chemi- 
cal change. 

In this method, as in the other, the oxygen gas produced may be col- 
lected in a bell-glass over the pneumatic trough, and afterwards its nature 
may be demonstrated as before by means of the taper having a sjjark 
upon it. 

The Properties of Oxygen. 

It has been the custom of chemists to say of oxygen that it is n per- 
manent gas. The force of this expression is found in the fact that until 
recently all attempts to liquefy it were futile. But recent experiments, 
with apparatus capaljle of sulijccting it at once to more intense cold and to 
greater pressure than Averc c^cr before employed, seem to demonstrate that 
it will turn to a liquid wlicn llicse conditions are carried to a sufficient 
extreme. 
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That oxygen is colorless and odorless appears plain from tlie pr()[)er- 
ties of the atmospheric air throughont which this gas is thoronglily diffused 
and intimately intermingled, although it constitutes but one-fifth of it. 

Chemical Properties of Oxygen. 



Of the chemical powers of oxygen the most striking and imjjortant 
seems to be its marked tendency to combine with other elementary sub- 
stances. In many 
cases this combina- 
tion does not com- 
mence except when 
the substances are 
heated. Thus the 
noble buildings of a 
city are every day 
and every night con- 
tinuously and harm- 
lessly bathed within 
and without by that 
same oxygen, that, 
in time of conflagra- 
tion , is ready chemi- 
cally to combine 
with their elements 
and as a result to re- 
duce the mctro))oli8 
to ashes. But such 
(.'(jmbination, once 
inaugurated, often 
itself affords suffi- 
continue, but also to gcn- 
what is ordinarily 




Fig. 3-1. — The rays of suiiliglit concentrated, by a lens, upon 
a ilianiond placed in oxygen gas, witli a view of proving 
the conibiistibility of the gem. 

cicnt heat not only to make the proces 

erate that flamc or fire ^^hich is the token of 



oxygen: 
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called combustion. In this view, oxygen is often spoken of as a supporter 
of combustion. That this property, known to be associated with the 
atmospheric air, docs in fact reside in the oxygen of it, is to some extent 
proved by the more rapid and brilliant comlnistion of the candle in pure 
oxygen. 

Another interesting ex- 
periment is performed \\hen 
a piece of charcoal, which 
may be supported on a wire, 
is burned a little so as to 
acquire a spark, and then is 
dipped in oxygen gas. Tiie 
single coal would soon cease 
to burn in atmospheric air, 
but it burns readily and 
brilliantly in pure oxygen. 

Even the diamond, the 
most compact and imperish- 
able form of carbon known, 
may burn in pure oxygen 
gas just as the most humljle 
piece of coal does, and the 
relationship of the gem to 
the commonplace fuel is 
proved by this experiment. 

Still another experiment in the same direction may be conducted with 
sulphur. For this purpose a fragment of sulphur set on five may Ije 
di]i[)C(l ia a jar of pure oxygen. Tlie sulphur Ijurns with ^-astly increased 
rapiilitv ;;ii(l ivitli a ^'iolet flame niLH'li nioi-e brilliant tliaii that of suljiliur 
Ijurning in air. 

Ai,'-ain, Some substances not rmlinarily considered combustible will 
burn in oxvgen gas. Thus a bundle of n-on wire, to -w-hich a little lighted 
chip is attached, itself takes fire and burns brilliantly ^\hcu dipped into 




Fig. o5. — Tlie burning of a spiral of iron wire in a, 
jar of oxygen gas. 
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The Products of Combustions in Oxygen. 

As a necessary result of tlio combustion of subsraiice^ in oxygen 
there are produced a multitude of compounds called oxides. 

This is true of the candle, which consists luainly of carbon and hydro- 
gen. "When the candle burns, these two substances change into oxides. 
The carbon produces carbon dioxide, whose formula is C0„, and which is 
familiarly known as carbonic acid gas. This oxide, it is true, is not easily 
recognized by the ordinary observer because it is an invisible gas, but the 
chemist can prove that it is in fact the product of this combustion. At tlie 
same time the hydrogen produces an oxide whose formula is H.,0 and 
which will be recognized as the chemical expression for water. And so 
water is in fact produced, tliough in the form of vapor, by the burning 
candle. 

Charcoal is composed almost entirely of what the chemist calls car- 
bon, and when it burns it produces the oxide called carbon dioxide ( CO., ) . 
This is tlie same in^isilile gas that has already been declared to be pro- 
duced when the carbon of the candle is burned, and in this case as in the 
other it is easy for the chemist to pro'se its presence. 

In case of carbon, the chemical change is represented by the following 
equation : 

C + O3 = COj 

One atom of One molecule of r)ne molecule of 

C'arboii, (Jxvgeii, (Jarl.)Oii cli<ixiile, 

1-i 32 44 

Part- hy weiKl<t. Turis by weiglit. Piiiis l.y weight. 



44 44 



.Vnd lil\e\vise when iron is burned, there is formed an <ixide a\ hose 
composition is expressed l)y the fi.irnuila, Fe.O J ; (to tliis sul.istance the 
chemical name ferroso-ferric o.xido is a[iplied ) . 

So \\\\v\\ sulphur is burned, sulpluir dioxide i,^ fornteel (SO.,). 
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III this C!!sc the ehoiuieal change is i-epresente<l I)y the folhjwi 
equatidii : 



Oue atom of 

Sulphur, 

Parts bv wc-igljt. 



+ 



04 



Oz 

One molecule of 

Oxygen, 
3 -J 

Parts by wcigbr. 



One molecule of 

SulpluiT dioxide, 
64 

Parts by wc-ight. 
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Compound of Oxygen with Hydrogen. 

It lias already been shown that the hydrogen escaping from a suitable 
tube may be liglited in the air. It' the burning jet is introduced into 




Fig. .36. — Hydrogen gas, generateil by u?e of zinc and sulphuric acid, is then 
passed through a drying tulje containing calcic chloride fCaCl..). By the act 
of combustion the union of tlie dried gas w itli oxygen of the air produces 
drops of water. 

oxygen ga.s the same eonilju.stion proceeds, only Avith greater energy. In 
either case there is produced a (■ompomid of hydrogen and dxygen. This 
compound is represented by the formula ll,,(^, a formula e^ircsenting no 
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Other than the famihar substance water. At the moment of combustion 
of hj'drogen very great heat is generated. In fact, a pound of hydrogen, 
u2)on burning in pure oxygen, yields about four times as much heat as a 
pound of pure carbon does in burning under the same favorable conditions. 
Indeed, the pound of hydrogen, when in combustion, yields more heat 
tlian a pound of any other substance known. On account of this heat the 
^^-ater resulting from the burning hydrogen at first floats off" in the air in 
tlie form of ^apor ; but if the hydrogen flame is brought in contact with 
some cooling surface, the water formed condenses in drops vipon it and 
thus it may be readily recognized as in its ordinary form. 

A great multitude of experiments show that tlie composition of water 
is as follows : 



"W'aTEU is JIADK IP P,Y THE UxiOX OF, 




I'AIiTS JSY WEIGHT, 


PAirrS BY BULK, 


ato:ms. 


Hydkooen, 
Oxygen, 


2 
1(3 


2 

1 


2 

1 



The composition of ^w atcr, as displayed in the foregoing table, has Ijeen 
demonstrated liy analysis, this word meaning "the process of taking apart.'' 
Tluis by chemical influences a portion of water may be subdi\ided into its 
constituents and tlieir amounts determined. On the otiier liand the compo- 
sition of -water has also been made out by syntliesis, this word meanino- 
"the process of putting tilings together." In this latter case, liv putting 
together what are lielieved to be the proper proportional amounts of hvdro- 
gen and oxygen to form water, and tlieu iipon using some suitable means 
for l)ringing these tluntis into a state of true chemical coml)ination, it 
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has been found tliat tliey tin combine in fact to form water and in the jiro- 
portions already gi\en in tlie table. 

The Compound Blowpipe. 

The fact of the enormous lieat developed -wlien livdrogen liiirns, was 
known long ago, and it gave rise to the invention of a contrivance for 
utilizing it. This has 

nQ 



taken the form of the 
apparatus called the 
compound lilowpipe, 
also the oxy-hydrogen 
blowpipe. 

This Ijlowpipe, as 
usuallv constructed, 
has a single jet or tip- 
to wliich there is eon, 
V e y e d by separate 
tuljes, on the one hand 
oxygen, on the other 
hand hydrogen. The 
gases, when lighted, 
give rise to a flame of but little luminous power but of intense heating 
power. Many difficultly fusible metals, such as iron for instance, melt like 




Fig. .37. — App.Tratus for analysis of water by use of the 
galvanic battery. 




Fig. .38. — x^pparatus de'^'ised by Dumas fjr determining the cmnpositiun uf water, 
wax before it, while others, like lead and zinc, boil and vaporize beneath 
its fervent breatli. It must not be looked upon liowe\'er as a mere chemical 
toy ; it has some uses in the arts. Of these one of the most prominent is 
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its application to the melting and refining of the ores and alloys of plati- 
num, enljstanees ■which no 



furnace can 



ordinary 
liquefy. 

For purposes of this 
sort, a special furnace or 
crucible must be pro^•ided, 
and it must be constructed 
of some substance that is 
itself practically infusible. 
Such a material is found in 
quicklime (calcic oxide, 
CaO), for this substance 
does not melt under the in- 
fluence of any known con- 
tri-\'ance for producing heat. 
Moreover it does not con- 
duct heat rajiidl}', and thus 
any heat applied to the 
metal within, is not subject 
to serious loss by being con- 
ducted away through the 
walls of the vessel. For 
melting platinum then a 
crucible constructed of 
quicklime, and having a 
cover of the same material, is employed. A stream of Ijurning gases from 
a compound blowpipe is forced through an aperture in the crucible cover 
in such a way as to fall on the metal to be melted. 

The Calcium Light. 
Another interesting application of this blowpipe is found in the lime 
light, an appliance also known as the calcium liglit and sometimes as the 
Drununond light. In this apparatus, whatever may be its particular form. 




Fig. 39. — Flame of the oxy-liydrogen Vjlowpipe 
directed upon a crucible in a furnace of lime. 
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the stream of burning gases is dkected upon a small block or cylinder of 
lime. Of course the block becomes 
highly heated, — in fact it assumes a ./' 

white heat, without melting ; and 
wliile at this temperatvu'C it gives out 
a dazzling light. This light has been 
ntilized by architects and engineers 
for carrying on important construc- 
tions during the darkness of night. 
It is also often used in some of the 
finer forms of the magic lantern, as 
for example in the various stereopti- 
cons used in illustrated lectures. So 
numerous are the uses of the calcium 
light in large cities that it has become 
a regular industry there to furnish 
the oxygen and hydrogen gases in 
separate iron cylinders or cans, into 
which they are pumped imder great 
pressure.* (It is true that illumin- 
ating gas is sometimes substituted for 
hydrogen with decided economy in 
cost, and yet without serious loss of 
illuminating power.) When the cyl- 
inders are in use the stop-cocks are 
slightly opened, and the gases are under sufficient pressure to flow to the 
top of the blowpipe as freely as can be desired. 



Fig. 40. — Drummonc] lifcht, or calcium 
lifjht. Tlie lianie of tlie oxy-livdrogen 
blowpipe directed against a block of 
lime renders tlie latter intensely lumin- 
ous. 



*Dangerou.s E.xplosibilitt or Mixture.s of Oxygen and PIvdrogen. — At this 
point a warning should not be omitted, for mixtures of oxygen and hydrogen gas, wliether 
produced purposely or by accident, are capable of very dangerous explosions. Even a 
soap bubble, inflated with tlie mixed gases, and then lighted with a torch, explodes with 
tremendous violence and a loud report. This result is all the more wonderful when the 
extreme tldnness and weakness of the filmy confining envelope is considered. Such explo- 
sions are in entire harmony witli the various statements already made. For when the two 
gases combine, the intense heat tlien generated gives rise to a momentary but enormous 
expansion of the vapor of water produced by the combustion. The greatly expanded 
vapor immediately strikes the air a sharp and violent blow. In anolher instant however 



132 CHEMISTRY. 



Oxygen as Related to Combustions in General. 

But oxygen is prominent in nianv otlier eonibustions besides that of 
iiydi'Og'en. OF course the best known and most common are those in 
which the ordinary forms of fuel are the things burned. Here generally 
the principal constituent of the combustible material is carbon. 

Oxygen as Related to Animal Respiration. 

Oxygen performs also one of its most important offices in C(.)nnection 
with the process of animal respiration. In the fulfillment of this mission 
no element is known that can in any way act as a substitute. The gas, 
which is to serve as the breath of life for the humblest as well as the most 
exalted individuals of the animal creation, must possess a combination of 
qualities truly marvellous when residing in a single substance. E-s-en a 
brief description of the ways in which it discharges this delicate and mani- 
fold duty ought to substantiate the general proposition. 

Oxygen is qualified to sustain respiration by virtue of the exceeding 
al)undance of the atmospheric air, an aljundance such that it extends above 
our heads a distance of forty thousand times the height of a man. Xor are 
the denizens of the sea forgotton, for oxygen possesses such capacity for 
dissolving in \'\'ater that there exists, absorbed in the liquid of the rivers 
and oceans, enougli of this vital gas to furnish breath for all the finny tribes. 

Again, the oxygen, so violent in its combinations, is yet bland enough 
to pass through all the delicate passages leading into the lungs without 
exciting the throat to the slightest cough ; to filter through the fine mem- 
liranes of the lungs withovit doing an injury ; to saturate the blood, and to 
flow to every tissue and cell of the body, and not only do no harm but 
evervwhere acconqjlish a reviving work. It performs throughout the ani- 
mal frame n well regulated Init no inconsiderable combustion. Indeed the 



the vapor sudrlenly cools an J condenses to an exceedingly minute drop of liquid water. 
Immediately uj)on this eti'cct, tlie air that was previously forced outward immediately 
f:\llsiuto the vacancy left, anil now a second blow results. It is these two violent shocks 
the one tnllowinu' the otlier in almost instantaneous succession, that produce the report; 
and to the same causes must be referred the terribly destructive results of the 
accidental e.\]ilosi"n of cimsiderable quantities of the mixed ga'ics. It is ])lain there- 
fore tliat all contrivances, destined to employ these gases in close proximity, must be 
handled with great caution when ready for use. 
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body of a living creature may be properly looked upon as a kind of fur- 
nace, taking in air whose oxygen shall sustain the combustion of worn-out 
parts. Nay more, these as they burn do in their xerj death make as a 
final contribution the gift of that warmth and glow which maintains the ani- 
mal temperature at the Altai point. 

While carrying out the important functions just referred to, oxygen 
produces several gaseous substances, each of which, as if under the con- 
stant direction of an ever watchful barometer, maintains its proper bulk 
and pressure, so as to do no injury to the most delicate capillary of a vein 
or to the tender walls of the smallest chambered cell of the lungs. With 
each breath exhaled from the system, the blood, and thence the lungs, dis- 
charge the gaseous products of the combustion already described ; plainly 
they do it somewhat in the same manner as a chimney does in its proper 
action, only the lungs do their work in a far more perfect way. 

The parallelism is not strained here, for the burning of the animal tissue 
in the body gi^•e8 rise principally to the production of the gas called carbon 
dioxide and the vapor of water, just as when a faggot burns in the chim- 
ney-place, the carbon and the hydrogen of the wood oxidize into the self- 
same products, both of which are wafted up the flue and out into the 
great ocean of atmosphere beyond. 
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WATER. 




S the most prominent compound of oxygen, water may properly 

receive the reader's attention at this time. 

He who stands upon a liigli cliff and hioks out upon the 

ocean, experiences as one of his strongest impressions that of 
the boundlessness of the expanse. And it is true that the area of terres- 
trial waters is very wide, for in the aggregate their waves cover more than 
three-fourths of the earth's surface. But while their superficial extent is 
so great, their depths are relatively but small. "When compared to the 
diameter of the earth the deepest ocean seems siiallow indeed. If the 
waters of the oceans M-ere dried up or otlierwise wiped away, the rough- 
ness of the dry globe would be less relatively than the roughness of an 
orange. In fact the total amount of water actually existing upon the 
earth's siu'tace is less — relatively to the entire mass of the gloljc — than the 
amount that would remain on an orange after dipping it into a basin of 
M-ater and then withdrawing it. Xotwithstanding these facts, the amount 
(if water is so vast in proportion to the littleness of human Ijcings, and it 
has taken so prominent a part in the phenomena oljservable liy man, and 
it has been such a ])0^■\'erful agent in the geological eras of the past, that it 
is not surprising that its properties and history have excited the interest of 
students and thinkers of all times. In the light (if modern cheuiicnl knowl- 
edo-c t(i(i, its varidus ofhces create an admiration that is heightened, the 
more they are Cdusidered. 

The chemical iiistory, the characteristics, the properties, and tlie uses of 
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water, all these are important chemical topics ; when one considei's fur- 
ther, the varied forms and uses in which tliis familiar snbstance is employed 
in nature and in the arts, a subject is suggested that might well furnish mate- 
rial for a volume. Plainly then only a few of its more striking adaptations 
can be discussed here. 



Importance of Water to Living Beings. 

To li\ing animals and plants water appears to be absolutely indis- 
pensable. The reason for this is found not only in the fact that water 
forms a necessary constituent part of 
most living beings, but also because it 
ser\es as a sort of vehicle by virtue of 
^\'hose properties the ^'ital processes are 
conducted and through which the vital 
currents flow. It is easy to understand 
that if the atmospheric air, which lies 
wrapped about our globe like a thin veil, 
were suddenly wafted away, animal life 
would be instantly extinguished. Xow, 
water is not less essential than air. 
Banish water from the earth, and the life 

of all animal and vegetable beings would Fig. 41,— Egyptian Water-carrier. 

instantly take its flight. For the blood, that living tide which courses 
through the natural gates and alleys of the body, contains water to tlie 
extent of nearly seven-eighths of its weight. Again pure, vmadulterated 
milk, rich as it is in solid food materials dissolved or suspended within it, 
contains not far short of 90 per cent of water. And further, an examina- 
tion of vegetable products reveals in them a preponderance of water such 
as would not at first be suspected. Tims the following liricf table repre- 
sents facta so surprising tliat it is at first difficult to accept tlicm : 
Apples contain about 80 per cent of water. 

Turnips " " 90 " " " " 

Cucumbers " " 97 " '' " " 
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Finally as an extreme example among the kingdoms of life it may be 
mentioned that some forms of jelly-fish, as taken from their appropriate 
home in the ocean, have been f )un<l to contain not less than 99 9-10 
per cent, of water.* 

The extraordinary and incredible proportion of water in li\'ing beings 
is associated with the numcrons, varied, and even apparently contradictory 
offices to be performed by it, and the fitness of water to fulfil these 
requirements is referable further to the curious and interesting properties 
with which it is endowed. But it is so familiar to every one and so bland 
in its action in its relation to most well-knoAvn substances, that the ordi- 
nary observer fails to recognize these properties and their marvellous 
adaptations. 

One of the properties most appropriate for presentation in this con- 
nection is the power water piossesses of dissolving gases. It is capable of 
storing up within itself, concealed from human A'iew, almost every gas 
with which it comes in contact. It displays this j^ower upon the atmos- 
pheric air, not only in its better known relations to man and the higher 
animals, but also as respects the humbler population of tlie globe. It 
will be seen by-and-by that tlie air consists in the main of a mixture of 
two gases very different in their properties. One is oxj-gen, the sustainer 
of animal respiration ; the other, nitrogen, the inactive substance existing 
in the air as a mere diluent of the active oxygen. Xow water possesses 
a very curious relation to these gases ; it naturally dissolves a larger pro- 
portion of oxygen than of nitrogen. By reason of this property it acts 
upon the atmospheric air with a eelccti\'e effect highly suggestive of intelli- 
gent plan. For the gas it selects to dissohe in larger proportional quan- 
tity is oxygen, — the one absolutely ncede<l to take the principal part in 
supporting tlie respiration of the countless millions of fishes that make 
their natural homes in all great bodies of water. 

Terrestrial Circulation of Water. 
~\^ ater is the cliicf liquid of the great glolie itself. And it carries on 
hero a continued and beneficent circulation whicli may be properly likened 
*Ci)oKi-;, JiisiAU ]'. : Hi-ligioii and Cheuiisl ry. Kew York, 1864. p. 148. 
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to that of the living animal and plant, except that it proceeds on the cos- 
mical scale. This circulation may be described as starting in the depths of 
the ocean, where permanent currents are constantly flowing in certain 
directions. These contribute to make the seas tlie highway's of navies even 
more completely than they would be if the waters were always at rest. 
A vet more striking circulatory movement is tliat initiated by the ^'olume8 
of moisture which rise by constant evaporation from the tem[ierate as well 
as the tropical seas. This water, ascending into the higlier atmosphere, is 
carried by currents of the air hither and thither and over the land, where 
by mountain ranges or other natural means adequate to this purpose, it 
becomes precipitated into a solid or liquid form. In this condensed form it is 
recoo-nized as beneficent when it is in cloud masses which delight man- 
kind with the purity of their fleecy whiteness, or the beauty of their 
o-orsreous colorins as well as when it is in the form of showers which 
refresh the thirsty earth, or as the snow which protects it. The rain and 
snow supply the numberless rivulets that contribute to make up rivers, and 
these flow joyfully to the ocean and, mingling in its waters, return to the 
soiu-ce from which they came. Thus has been pictured in brief an outline 
of the cii'culation previously suggested. 



Water in the Solid Form. 

Again, certain properties of water in the solid form are worthy of 
presentation. Perhaps it is not inconsistent with the trutli to say that they 
are even more plainly beneficial. Thus in the form of snow, water appears 
at first siglit to be an emblem of cold. But when it falls upon the earth 
it becomes a mantle or coverlet, which protects tlie soil from tlie chilling 
effects of the wintry season and from that rapid loss of heat liy radiation 
off into space which the fields would sufter without this protective coating. 
And so ice, as it forms on the surface of lakes and ponds, manifests several 
remarkable properties. Of these only two will be discussed here. They are 
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both due to its power of expanding at the moment of soHdification. Most per- 
sons make acquaintance with this characteristic of water l.)y the incon- 
venient bursting of pitchers and pipes, recognized as a disagreeable 
attendant upon the winter's cold. When loolied upon with ukh-b fully 
instructed eyes, however, it is discovered to be one feature of a remarkable 
system which results in great benefit to the inhabitants of the earth. For 
it is ])lain that as water in freezing expands, it thereljy becomes relatively 

lighter. On this account ice 
Str^-Sj Jl --£' -J- iMF^^&^V^^^^^S^ tloats in water, whereas solid 
^ ^ jL ;/ ?- a «f 7 - ^ i !j" "5: ^ substances generally sink in 
i^ ^ # ; £ - ■ "i '%- -i^ ^i liquid matters of theirown kind. 

p5^: " % -"': t ; \^. - _ -y "--i Now the ice farmed upon lakes 

g^ _-^. j _;■ J- / ^ '■ ■-" ; " -': in the winter, stays at the top and 
%''~'^ ''!^ '^- . -?* ' iji^^ , * '^ J7 .71 f -^. ' thus protects the water below 

from the chill of the colder air ; 
so it prevents the lakes from 
Ijecoming uninhabitable to the 
fish. The same projierty pro- 
vents a lake from becomino- 

o 

a mass of solid from the bottom upwards, as would be the case if the ice 
upon freezing went to the bottom. The siuumer's sun Avould hardly ]je 
capal)le of thawing tjie solid masses so formed. This same curious fact 
of the expansion of ice at the moment of its formation contributes to the 
fertility of the soil. Thus the water that penetrates the crex ices of rocks, 
exjiauds upon freezing, chipping off those rocks, in iact pulverizing them 
little bv little, and so convcving fresh and valuable materials to the earth's 




Fig. 42. — AVater in tlie form of cumulus clouds. 



Water as Affecting Climate. 



Further, the relations of water to heat are very interesting. "The 
general aqueous circulation of llic earth is a great steam-boating appara- 
tus, with its boiler in the tropics and its condensers all over the globe. 
Tlie sun's ra^s make tlie steam. ^Vnd Avhercser dew, rain or snow fall, 
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there heat, which came originally from the sun, and which has been 
brought from the tropics concealed in the folds of the vapor, is set free to 
warm the less favored regions of the earth. This apparatus in nature, 
although so much simpler and working without pipes, iron boiler or radia- 
tors, is exactly the same in principle as the steam heater which may Ije 
seen at work in almost every large factory."* In other words, when 
water is changed into A'apor in the tropics, heat is not only requisite to tlie 
operation, but a definite quantity of heat is actually stored up within the 
vapor so produced. On tlie other hand, whenever in some cooler parts of 
the globe this same portion of vapor condenses into the form of liquid, 
that heat that was stored \vithin it at the tropics is inuuediately evolved 
and contributes soniethin<j to the warmth of the rcfjion where condensation 
takes place. Nay more, if the water, instead of fiilling as rain, falls as 
snow a still larger amount of heat is by this means given out into the 
atmosphere. This last statement is insensibly substantiated by the 
expression often heard in winter, " the weather is too cold for snow." 
This common expression, translated into scientific language, means "the air 
does not possess that amount of warmth that it would manifest if snow 
were now condensing in the upper air and were ready to fall." 

It is not only with respect to those changes taking place when the vapor 
of Avater changes to tlie liquid or the solid form tliat its heat relations are 
beneficial to mankind. Xo lake can cliange one degree in temperature — 
that is, grow warmer or cooler — without at the same time exercising a 
contrarywise influence up(jn tlic air about it, and tlius a regulating one. 
In explanation of this declaration tlie following statements may Ije made : 
When, in the intensely hot days of summer, a lake or any mass of water 
l^ecome intiuenc-ed bv the higli temperature, of course its waters become 
warmer. But it is a curious fact tliat it takes uiore lieat to raise tlie tem- 
perature of water one degree tlian it does to raise the temperature of the 
adjoining land one degree — or in fact to I'aise any otiier substance 
kncjwn, one degree. Tlius it apprars tliat a given ainoimt of heat 
applied in a summer day to a lake will be absorbed within tlie waters of 



*CooKE, JosiAH P. : Religion and Chemistry. New Vurk, 1S84. p. 135. 
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that lake without raising the temperature of those waters to the extent 
that might be expected. So then in liot weather the lake becomes an 
equalizer of temperature with a tendency in the opposite direction, that is 
to cool tJie air about it. Now in cold weather it becomes equally bene- 
ficial, only, as might be expected, in the opposite direction. Thus the 
store of heat retained by the liquid water is given out as the lake cools. 
For just as the water in order to rise one degree in temperature requires, 
and indeed absorbs, more heat than any other substance known, so natu- 
rally the same water, in cooling one degree in temperature, freely gives 
out the amount of heat it had previously stored within itself, which, as has 
been said is greater than that stored up by any other substance known. 



Water as a Working Contrivance. 

When the moisture of the tropical oceans is taken up into the air by 
evaporation, the sun has thereby done a truly stupendous amount oi xoork. 
For has it not lifted up high into the atmosphere an enormous weight of 
this liquid material ? Xow as the vajjor is wafted over the land prepara- 
tory to tailing as rain, it has acquired a position in which it may do a great 
amount of w(jrk for Inunan uses ; for every rain-drop, falling from its 
lofty position in the air, acquires thereby a momentum which represents a 
quantity of force, minute in each individual case but truly vast in the 
aggregate. Of this sum total but a small portion is emploj'ed for man's 
industrial uses ; only a minute fractional part is harnessed to the wheels 
that grind his food or weave his clothing or transform the trees of the 
forest into his habitations : vet the amount he does so emplov — compelling 
it to do his work for him — represents an enormous total quantity. All 
this «ork done, as well as all that might be done, by the vast quantities of 
water allowed to escape and violently run to waste, is referable back again 
to the sun of the tropics, which has been enabled, by reason of the won- 
derful properties of water, to store up all this power within it. 

In view of wliat has been said, the sun and the water of the tropics 
may be compared not inappropriately to the chief artificial contrivances 
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used in modern times fur gcncniting and a[)[)lving meclianical power — 
boiler and engine. As an ordinary steam-boiler imparts to water the 
expansi-se and Avorking power of steam, and again the ordinary steam- 
engine utilizes this steam power so that it may be directly a])[ilied to the 
labor of man's 'workshops, so the snn of the tropics lifts the water of the 
ocean high up into the air, and thus may be likened to the boiler ; while 
the rapidly running brooks may fitly represent an engine in motion, ready 
to actuate any machine to which by proper appliances it may be attached. 



CHAPTER XVI. 



SULPHUR. 




ULPHTIR, in its aggregate in the earth is by no means an 
i abundant element. Thus its quantity is far interior to tliat of 
oxygen, as is strikingly illustrated by the diagram already pre- 
sented. (See page 16.) Yet sulphur was recognized by 
human beings thousands of years before oxygen, which it has already been 
stated was discovered in 1774. The comparative lateness of the discovery 
of this latter element, now knoAvn to be that one which predominates largely 
over all others in the earth, is due partly to the fact that free oxygen 
almost invariably exists in gaseous form and that the idea or notion of gas 
is one of recent growth. The fact that sulphur was recognized so nuich 
earlier is due to many circumstances. First : It is found in the earth in 
the solid condition — a form at once tangible and easy of recognition. 
Second : Its yellow color helps to render it noticeable. Third : It exists 
in the earth in countries which have long been the aliode of civilized beings. 
Thus it was early recognized in Italy. Fourth : It occurs in deposits of 
such a character that it can be readily obtained in a comparatively pm-e 
form from them. Fifth : It possesses certain remarkable properties some 
of which would be easily detected even by savage peoples, while otiiers 
have for centuries excited great interest in the minds of students of alchemy 
and chemistry. One of these properties is the ease with which it assumes 
a liquid form — that is, mclts^when slightly heated. Another is the read- 
iness with which it takes fire and burns in tlie air. A third, closely con- 
nected witli tJie foregoing, is the striking blue flame produced when it burns. 

CU-2) 
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Still another, and not less noticeable, is the clicking and disagreeable odor 
attendant upon this combustion. 

Finally may be mentioned a circumstance ■which for a long time 
eontril)uted to make it peculiarly interesting to the alchemist, if not to 
ordinary men : this is the fact that ■when sulphur is in the pure form it 
may be burned away 'without leaving any ashes. In this respect it differs 
from most other combustible materials. ^Vnd this property created the 
impression that sulphur is a sort of principle of fire, and tliat it somehow 
exists in all combustible bodies. Indeed it is only for about a hundred 
years that sulphur has been classified as a distinct elementary form of 
matter. It is not intended to indicate here that the strong interest of the 
alchemists in sulphur was mainly referalde to tlie circumstances of its 
combustiljility. Its power of combination with the metals was well known 
to them, and was recognized as a subject of practical importance and one 
worthy of careful study and thought. 

Natural Sources of Sulphur. 

The principal supply of sulphur for commerce is obtained from the 
volcanic districts of the island of Sicily. Here in fact there are more than 
two hundred distinct establishments for production of the substance, and 
they are capable of yielding about two hundred million pounds of it 
per year. 

Tlie fact that sulphur is easily and widely recognized in the earth has 
already been dwelt upon. But it occurs in nature in a great variety of 
forms. Tlie first and most strikiu"; form is that of free and uncoiubined 
sulphur. In this condition it occurs cither as masses or as fine powder. 
Sometimes these materials possess the Avcll-known and easily recognized 
yellow color of sulphur ; sometimes however the color is white or otlier- 
■vvise disguised by reason of some peculiarity of the sulphur itself or else 
because of the admixture of foreign substances. Deposits of sulphur occur 
in tlie most considerable quantities in the neighborhood of either active or 
extinct volcanoes. Thus sulphur earth occurs near A'csuvius and ^Etna, 
also in the vicinity of the volcanoes of Iceland, in Central America and in 
the Sandwich Islands. In the region of some extinct volcanoes the soil is 
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imprci^nated "witli sulphur ti) tlie deptli of twenty or tlilrty feet and such 
soil is therefore a eoiuenieiit smirce of the element. 



Purification of Natural Sulphur Ores. 

In ohtahiing sulphur fruua the earth for commercial purposes, t\vo 
simj)le processes are resorted to. By the first method masses of the sulphur 
earth are heaped up into a pile, in connection with a small amount of fuel 
and over a shallow depression in the earth. Upon setting the mass on fire, 




Fia. 44. Cntcaroiie or heap of burning mineral from wliich sul- 
phur is obtained. 

considerable quantities of sulphur escajte combustion, and so melt and run 
down to the ground below the heap. When the fire is extinguished, the 
sulphur that collected licneatli may ]>c secured in a form now only slightly 
impure. 

The second method of purification of the earth is still conducted in 
Sicily in tiio fiillo^lng crude maimer, thougli this is quite an im})rovement 
upon that just dcscril)cd. A slightly mclined plane of masonry is built 
upon the gi-onnd. Around tlie edges of this plane a low wall is erected. 
At tlie In^^'cr siilc of tiic plane tlie A\all is perforated. I'pon the surface of 
the plane large masses of sulphur earth are carefully pik'd up so as to form 




Fio. 45. — Sketch illustrating the process of refining sulphur. 
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a Avell-btiilt Iienp. "When it readies tlio priij>er lielglit its out.-iide is cohered 
all over, first, 'with small fragments of tlie same kind of earth, and tlien 
with its fine dust. Some sulpluu' at tlic lower portion of tlie heap is tlien 
set on fire at sc\cral points. Tlie heat from tlie eulpliur tliut )jin-ns melts 
otlicr jwrtions of it, whieh then trickle down the spaces ))Otween the masses 
of rock. This melted material, finding tlie bottom of tlic pile, runs freely 
to the lowest portion of tlie platlorm, then through the perforations and 
out into wooden boxes placed to receive it. Tiie heap Ijiu'ns for two or 
three weeks, at the end of which time the operation is finished. ^Vhen the 
mass is cool it is torn down, and a similar pile is erected from fresh por- 
tions of the sulpliur earth. The objectionable features of tliis process are 
at least four. First, the consumption iif sidphiu' as fuel is a wasteful 
one. But in I'cply it may be said that no clieaper fuel is accessible where 
this manufacture is carried on. Again, the great Aohunes of sulphur di- 
oxide gi\cn out by the burning calcaroni — as the heaps are called — are 
injurious to the health of the workmen. Further, these same products 
exercise a very destructi\e effect upon all vegetation in their vicinity. In 
fiict on this accoiuit the Italian government has provided by law tliat this 
-work shall not be carried on at all between July 1st and I)cccml)er 31st. 
Finallv the method is not as successful with the riclier ores, for they break 
down into powder which it is difficult to utilize in tlie calcaroni. 

A new and greatly improved method, and one wlileh overcomes all 
the objections aljove cited has recently been introduced. In this, the ore 
is placed in perforated metal baskets and then immersed in tanks containing 
hot solutions of calcic chloride. Under these conditions the sulphur melts 
out from its ore and falls to the bottom of the tanks, whence it is drawn 
out by stopcocks in a conniaratively jiure form. 

Sulphur is generally subjected to a still further jiurification. This is 
conducted somewliat as fijllows. Tlie crude sulphur, lieing melted in a 
suitable retort and over a coal fire, changes into vapor and passes into an 
ajiartment constructed of st(jne or Inick, ;md prepared f >r the purpose. In 
this apartment, the sulpliur at fii-st condenses on the walls as minute yellow 
crystals or powder called flo^vers of sulphur. "Wlicn the first charge of 
sulphur in the retort has been com[)lctely vaporized a new su[i[)ly is allowed 
to run in, this time in the liquid form from a small heater placed above the 
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retort. Tlio ^\ astc lieat from (ho furnace melts (he sulpliiir in (lie lieater, 
from which it llo^vs into the retort (by means of the tube shown in (he 
diagram). AVhcu a BufRcient amount (_)f llowers of sulphur has collected in 
the cliambcr, the fire is extinguished. The purer jiroduct is then removed. 
Afterward the Avhole operation is repeated. 

The refining may be conducted so (hat the temperature of the condens- 
ing ajiartment may rise considerably ; in this case the vapor in it changes 
to the liquid form. This liquid may be drawn off at the base of the chamber 
into a small receiver, from "which it is ladled into moulds, which gi^-e it the 
form of cylinders known in trade as roll brimstone. 

Natural Compounds of Sulphur. 

Sulphur is also found in the earth in the form of certain chemical 
compounds. Some of tiiese are very widely distributed. They may be 
divided into two classes. The first class — whose re])resentati\es arc byfiir 
the more abmidant — includes the metallic sulphides, that is, compounds 
formed by the direct luiion of sulphur with some metallic substance. As 
exam])les of compoimds of this class wc mention : 

Sulphide of iron (connnonly called iron pyrites and ha\'ing the forni- 
idaFeS,). 

Sulphide of lead (connnonly called galena, and ha\ing the formula PbS). 

Sulphide of zinc (commonly called blende, and Inning tlie fornuda 
ZnS). 

Sidphide of mercin-y (commonly called cinnabar and ha\ing the 
formida IlgS) . 

Manj' other examples of similar import might be given, for it is a 
well-known fact that most of the hea-sy metals occur in the earth in com- 
bination with suljihur. 

The other class of compounds also containing sulphur combined Avitli 
the metals has usually oxygen in addition. Two examples of this class, 
may Ije gi\cn here — calcic sulphate (commonly called (otJiijdrite, and 
having the formula CaSO^) ; also liaric sulphate (connnonly called lieuvij 
spar, and ]ia\ing the formula 15aS0 ) . 

Sulphur is very widely distributed in animal and vegetable matters. 
In tliese it exists, not as an uncombined element, but in union with others. 
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Indeed such coinpuiuuls lia\c many other eh-nieiits l)esides the sulphur, and 
thev are characterized liy deciih'd conipk'xif}' of structure. But sulphur is 
oftener a component of animal matters than of ^ egetahle. The presencje of 
sul[ihur in an egg is proved liy an experiment of every-day occurrence. 
That is til sav, the silver spoon with which tlie egg is eaten becomes 
blackened. This blackening is due to tlic jiroduction of a new compound 
formed by a true union of sulphur from the egg, with a ]iart of the metal 
of the spoon. In fact the black material is suljihide of silver, and it may 
lie represented bv the formula Ag.,S. A French chemist has estimated 
that in the body of a human being of ordinary size there exists, in the 
ao-rrrecTate, not far from one quarter of a. pound of sulphur. To this, be 
adds the curious estimate that the entire human population of France may 
he represented as containing not far from nine millions of pounds of sul- 
phur. 

Chemical Properties of Sulphur. 

The chemical properties of sulphur may be said to be its most impor- 
tant and interesting ones. That it has a wide range of chemical aptitudes 
is shown by the tact that it combines in simple forms of mion with a 
raaj(jrity of the elements known. Thus it lias strong affinities for most of 
tlie metals. On the other hand it combines with various degrees of attrac- 
tive force with nearly all the non-metals as well. 

iM-idently then, sulphur forms a very large number of chemical com- 
pounds. While the limits of this work are such as to make it impossible to 
describe many of them, there arc tliree that may wdth propriety be 
briefly discussed in this place, and these are : 

Sulphuretted hydrogen ( II3 ^ ) > 

Sulphur dioxide (SO^), 

Sulphur trioxide ( SO ^ j . 

Sulphuretted Hydrogen. 
This substance is a colorless gas. It has an extremely oflfensive odor ; 
in flict it is a prominent component of that numerous group of gaseous pro- 
ducts of decomposition of animal matters that produce the disagreeable 
smell attendant upon .he decay of the latter. 
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Again, it i,s fuuml iu tlic ANuters of (certain natural sulphur springs, 
and it \!i a remedial agent of considerable Aalue when jiroperly applied 
externally or wlien taken into the stomach. "When received into the lungs, 
however, it is decidedly poisonous. 

A considerable number of simjile experiments niay be tried with it. 

In these the gas used is generated by adding diluted sulj^hurio acid to 
artificial ferrous sulphide. The ferrous sulpliide is usually manuffictured 
by heating a mixture of roll lirimstone and iron filings in a sand crucible. 
In producing the gas, the chemical change is represented by the following 
equation : 

FeS + H.SO4 = H.S + FeSOi 

One molecule of One innb-cule ff One molecule of One molecule of 

Perron^ sulphide, Sulpliuric acid, Sulpliuretted liydrogen, Ferrous sulphate, 

SS 08 34 152 

p;iits by wei^dit. parts l>y Avei^^lil. paits liy -n-eight. parts by -weitrlit. 
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For the purpose of the experiments here mentioned, a flask or bottle 
may be used to prepare the gas and eon\-cy it into another bottle contain- 
ing water. In the water, the sulphiu-etted hydrogen gas dissolves in such 
quantity that tlie solution so aflbrded may be conveniently employed 
for showing the properties of the gas itself. 

Tlie following interesting experiments may be performed by use of 
this solution : 

1. Dissoh'e in water a small quantity of plumbic acetate, also called 
sugar of lead. Filter this solution if convenient. To the clear liquid, add 
some sulphuretted hydrogen water. A black precipitate of plumbic sul- 
jihide (PbS) should immediately appear. 

2. Dissohe in chlorohydric acid a fragment of white-arsenic not 
bigger than a pin's Iiead. To the solution, freely add sulphuretted hydro- 
gen water. A lieautiful lemon-yellow precipitate, consisting of arsenious 
sulphide (As.,S^), should result. 

3. Dissohe in chlorohydric acid a minute quantity of tartar-emetic. 
To the solution , freely add sulphuretted hydrogen water. A beautiful orange 
red and flaky prccijiitate of antinionions sulphide (Sb„S,) should appear. 

4. Dissoh e in water a minute fragment of cupric sulphate, com- 
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iiKinly called sulphate of copper or blue vitriol. To the solution, aild some 
of the sulphuretted hydrogen water. Tiiis should instantly give rise to a 
black precipitate of cupric sulphide (Cu>S). 

5. Dissolve in water a small quantity of zinc sulphate. To the solu- 
tion, freely add sulphuretted hydrogen water. There should ajipear in 
this case a white precipitate consisting of zinc sulphide (Zn.Sj. 

These few experiments show that sulphiu'ctted liydrogcn is a con\en- 
ient substance for bringing sulphur into union with the metals, and, more- 
o\er, they sustain the statements already presented, that many metals show 
strong affinity for sulphur and marked tendencies to combine with it. F(.ir 
these reasons sidphuretted hydrogen is nuich used in chemical laboratories 
for distinguishing one tal from another.* 

Sulphur Dioxide. 

When sulphur burns in oxygen gas or in atmospheric air, it gives rise 
to a new gas of choking and offensive odor. This is the same substance as 
that produced in the first stages of the biu-ning of a svdphur match. It is 
a substance of considerable importance in the arts, first, because it is 
always produced in one stage of the process used in the manufac/ture of 
sulphuric acid. Xow sulphuric acid (commonly called oil of vitriol) is a 
commercial product of enormous consumption. (See page 1.52.) Again, 
sulphur dioxide is used, as such, to a considerable extent in the arts, the 
principal uses being in the bleaching of straw and woolen goods. Ciilorine 
as a bleaching agent has already been discussed, but it is used mainly for 
the bleaching of cotton and linen goods ; it has an mifavorable and injuri- 
ous acti(m upon straw and woolen goods. 

The way in which these latter are bleached Ijy the use of sulphur may 
be illustrated by a very simple experiment. Place a few fragments of roll 
brimstone in a small crucible. Ilcat tlic crucible carefully until the sul- 
phur takes fire. Then cover the burning sulphur ^\ ith a glass lanip-clnni- 
ney, or any other suitable contri\ance. Jn the to[) of the chimney liang a 
moistened carnation pink or other )'(.m1 fiowci-. A few minutes exposure to 
the gas, results in a pai'tial bleaching of tlie flower. 

*See Apijleton's Qualitative .\iialvsis, i-iiljlisliril ],y (.'.jw|.L'rlli\vait & Co., l-'iiiiadelphia ; 
p. It. 



150 CHEMISTRY. 



On a commercial scale, the sulphur hleaclung process is conducted in 
practically the same manner. For bleaciiing woolen goods there is pro- 
vided a small wooden house having a brick Hoor, with a small pit in the 
centre. The goods are hung up in this house. The pit is filled with sul- 
phur which, when all is ready, is set on lire by throwing a pjiece of red-hot 
iron upon it. Now the doors and windows of the house are closed. Of 
course the sulphur burns into sulphur dioxide. The operation is allowed 
to proceed without any further attention during one night. The gas dis- 
tributes itself throughout the goods and bleaches them. The next morn- 
ing the doors and windows are opened, and, when the fresh air has driven 
the sulphur dioxide from the chamber, the goods are found bleached. 
Everyone knows, however, that this bleaching has not the permanence that 
chlorine bleaching has. Thus white flannels very soon return to their 
original yellowish shade. 

Sulphur dioxide is placed by the chemist in the class of acid anhy- 
drides. This term is intended to carry the meaning that substances 
belonging to this class combine with water to form acids. In accordance 
with this form of expression, sulphur dioxide is also called sulphurous 
anhydride. Plainly this means that suljjhur dioxide with water will form 
an acid. Such seems to be indeed the case, for water has the power of 
dissolving large quantities of sulphur dioxide, and wlien it does so the 
water acquires the characteristics of an acid. In fact it is then called 
sulpliurous acid. The chemical change is represented by the following 
ecpiution : 

SO2 + H,0 = H,SO:. 

One molecule of One molecule of One molecule nf 

Sulphur dioxide, Water, Sulphurous acid, 

G^ 18 8;3 

liiirts by weight. parts by xveigljt. jiaits by weight. 
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One special characteristic A^■]licll justifies the name sul[)hurous acid, is 
the fact that the solution so produced lias the power of producing a scries 
of salts as the other acids do. In this case, the salts June the "eneral 
name sulphites. 
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ULPHUR trioxide does not exist by itself in nature. 
Moreover it is but little known even as an artificial product. 
It is not an article of ordinary sale, tbongh it is occasionally 
•' made by the chemist. Yet it is a constituentpart of one of the most 
important compounds known to modern industry. That compound is sul- 
phuric acid. 

Sulphur trioxide is a "white solid, Imt it cannot easily lie kept so. 
This is because it has very strong affinity for uKMsture. It fact it readily 
absorbs that water vapor which is distributed through the atmosphere, even 
in dry weather and when the ordinary observer would suppose that tjie air 
contained no moisture at all. "When it absorbs moistm-e it chemically com- 
bines with it, forming sulphuric acid. 

The chemical change is represented by the following equation : 



SO, 

One molpciile of 

Siiljiliui' trioxide, 

80 



H„0 

•"hie molecule of 

Water, 

IS 

liiul- l.y wfiglit. 



HoSOi 



C)i]e molooulf- of 

Sulpiiuric acid 

OS 

riHir^ by \v(-iL^]it. 
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On account of this reaction, sul[ilnir trioxi(l(> is often spoken of as sul- 
phuric anhydride, the term anhydride liejng iiitindcd to sugu'est that tlie 
substance so named is dei'i\('il fidm an acid by tlic r('nio\al of Avater from 
the latter. Thus sulphuric acid iniitu-i water produces sulphuric anliy- 

(131) 
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drido. And this liarnionizes -witli wliiit has before been declared, namely, 
that sulphm-ic anhydride — or t;ul[)hur trioxide — -^j/m.s water produces sul- 
phuric acid. 

Sulphuric Acid. 

This substance is known to commerce chiefly under the name of oil of 
vitriol. It is an oily liquid nearly twice as heavy as water. It lias very 
powerful chemical action upon most substances with whicli it comes in con- 
tact. Moreover, its market price is very low, that is, between one and two 
cents a pound at wholesale. To these two fiicts last mentioned — that is, 
the marked chemical power and the low price is referable the enormous 
demand for the substance. To be sure, increase of demand and fall in 
price have a reciprocal action ; for even a slight cheapjcning of a substance 
widens considerably the range of its possiljle uses and increases the amount 
consumed. Again, increase of demand and consumjition, lead manuftic- 
turers to increase their production, a circumstance which is generally fol- 
lowed by lower price. The manufacture of sulphuric acid exemplifies these 
well-known principles of political economy. The manufiicturc of this sub- 
stance has risen within the last hundred years from almost notluiig to a 
present annual production of aljout nine hundred thousand tons in Great 
Britain alone. The price meanwhile has fallen to about one-thirtieth of 
what it was in the middle of the last century. At the present time the price 
of oil of vitriol seems to Ije steadily decreasing, while the amount pi'oduced is 
steadilv increasino- in Entiland, France, Germanv and the United States — 
indeed in all countries pervaded by active industrial enterprises. It will 
be generallv admitted, as j\I. Dumas has said, that the amount of sulphu- 
ric acid consumed affords a very jireeise measure of tlie ad\ancement in 
industrial arts of a given country or of a historical epoch. 

Uses of Oil of Vitriol. 

It would be (lifHcult to enumerate the many industries that demand 
the use of sulphuric acid. It nuist likewise be admitted that there are but 
tew mauufactiu'ing operations w hicii do not directly or indirectl}' involve 
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its employment. The industries that stand in the front rank as direct con- 
sumers of this acid are tliose that involve the following processes, namely : 
the bleaching of cotton goods ; the removal of scale from iron in its vin-ious 
forms, such as castings, wire, etc. ; tlie changing of corn starcii into the 
variety of sugar commonly called glucose ; the i-etining of bullion of gold 
and silver ; the retining of petroleum oil; last, but not least, the manu- 
facture of chemical fertilizers for agricultural use. Less directly, l)ut still 
in enormous i|uantities, it is used in the manufacture of soda-asli, and 
bleaching powder already referred to as having reached an incredilile con- 
sumption ; in the manufacture of alum ; in the manufacture of botli of the 
great acids of commerce, chlorohyilric acid and nitric acid, which must be 
said to come next to sidjihuric acid in uscfidness ; and finally, in almost all 
the distinctlv chemical industries. 



Manufacture of Sulphuric Acid. 

Notwithstanding the extremely low price of oil of ^■itri<Jl and the 
immense quantity of it manufactured, its production implies a series of 
processes far more com[)licated than those invoved in tiie prepaiation of 
any other well-known acid. Moreover, althougii tiie various intricate 
details of its preparation are matters of thorough experiinenOd knowledge 
to the producer, there are several stej)s which are not yet clearly compre- 
hended even by the most eminent chemists of the age. 

The process of manufacture, as at present conducted, is ]>roperly 
described as a continuous one. By tliis it is meant tliat the raw materials 
are steadily introduced at one end of the apparatus used, and the finished 
product is steadily drawn out at the other, the process meanwhile going (jn 
without interruption, night and day, for years. In order to a better com- 
prehension of the process it is here described in four stages. 

In the first stage, sulpliur is burned in a current of air. The material 
employed is either partly refined Sicily sulphur, or what is largely used at 
the present day, some mineral compound of sulphur, like the iron aii<l cop- 
per pyrites. In citiier case, sulphur dioxide (SO,,) is formed. This is 
the well-known choking gas given out by a burning snlpliur nuiteli. As 
produced on a large scale the gas passes into a series of cn(jninius leaden 
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cliambers. These are, in fact, rectangular rooms, often as large 
as one hundred and fifty feet long, twenty feet wide and fifteen feet 
liigii. Generally at least three chambers are in a series, connected 
l)v leaden pipes Sulphur dioxide gas flows in a steadv stream into the 
series of chambers and toward the high chimney of the works, whose draft 
produce? the advance of gases throuu'li the whole apparatus. 

The seconc stage is the most complicated one. It is the oxidizing of 
the suljihui dioxide (1^0.,) into sulphur trioxide (SO3). This is indeed 
accomplished by means of the oxygen of the air But this oxygen is not 




Fig. 46.— Secnuii of hiijlding fitted for manutacturt ul Sulphuric 
acid;/, furnace uiuTc snliiliur is burned and oxiiles cif nitrofie!'- 
are liljerated; k, boiler from wliich steam is supplied to the leaden 
chamber, ^4. 

c.a[)ai)le of (f//)'ec</;/ changing SO^ into SO,,. Certain gaseous oxides of 
nitrogen are forced into the chamber at this stage : and these ha-^e the 
remarkable power (ju tlie one hand of taking oxygen to themselves from 
the air, and on the other of im|)arting tliis oxygen to tlie compound SO., 
in such a way as to cliange it into the the compound SO.,. Of course the 
air is iin[>o\erished by the oi)eration, a fact Avhich necessitates a fresh 
supply of it through tlie entire series of chambers. 

The third stage is one whose principle has already been explained. 
At various parts of the chamber, jets of steam are Ijlown in. "While these 
aid mechanically in the jirogrcss of the gases through the entire scries, 
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their iiuiln purpose is to furnish water which sliall (■(.nuliine ■\vitli sulpliuric 
anhydride to prcxhiee sulpliuric aciil. 

Although tliis eheuiical (-hauge, represented hv tlie following erpiation, 
has been gi^•en before, it may not be improper to re[)eat it here : 

SO3 + H,0 = H„SO^ 

One niok-oule of C)ne molecule of One molecule of 

Sulphur trioxide, Water, Sulphuric acid. 

SO IS 98 

parts by \\'i-ii.^lit. parts by weiLrht. parts by M-ciLjlit. 

MS US 

The effect of the steam is to give rise to a steady rain of oil of vitriol 
in the chambers. Of course this llij^uid collects at the bottom. Thence it 
is drawn off, for treatment in a fourth stage. It is plain that up to this 
point the series of chemical reactions takes jilace in what we may charac- 
terize as a vast but irregular tube, open at Ijoth ends. This tube is en- 
larged here and there into great pockets -which constitute the chambers. It 
is bent into a form appropriate to the conditions of the business. It is 
entered here and there by pipes for introducing the agents whose proper 
interaction gives rise to the product sought. It is also tapped for the pur- 
pose of drawing off the acid generated. This open tube has its final exit 
into the atmosi)herc througli the tall chimney with which it is connected. 
It has its first connecti(jn with the atmosphere at the open throat, whii-h 
swallows at once the vast volumes of sulphurous gas from the sul[ihur 
burned, and at the same time ]e\ ies upon the air to contribute its oxygen 
to produce the substance whicli is the final purptjse of the whole industry. 

Tlie fourth staf-e is the onlv one that may be properly said to be dis- 
connected frcjm the others. The continuous process alread}- described cannot 
properly be made to produce acid uF tli(3 strength demanded liy couuuerce. 
In the fourth stage then, the acid fr(jm the chambers is boiled with 
a view of expelling some of the water in )t, and tlurs of producing a more 
concentrateil product. This e^aiioration is itself no iuconsideralde portii.ni 
of the business. It is conducted first in shallow tanks of lead, and finally 
in costly stills of platimun. When at length the acid in the platinum 
stills has attained the proi>er degree of e(in(.-entration, it is drawn out by 
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means of a siphon tube, and through a coohng tank of cold water, into the 
ghiss flasks called carboys, in which it makes its appearance in commerce. 
Of course the account thus given is but a freneral sketch of this crreat 
industry. Associated with the apparatus and the processes here briefly 
described there are employed in actual working a multitude of other devices. 
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Fig. 47. — Section of apparatus used for coneeniratinj"' sulphuric acid. A, A, K-aden 
pans in wliich the first evaporation is conducted ; i', platinum retort in which the con- 
centrating is finished. 

and operations. Indeed it uiiglit l)e anticipated tliat tlie successful conduct 
of a business of such magnitude and complexity would dran' upon tlie 
inventixe resoui'ces of sonic of the Ije.st minds that have been Ijrouglit to 
bear uijon chemical industries. 
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BORON. 




HE white suljstance called borax has long beeu known to exist 
as a solid. dc]^)Osit in the earth of many parts of tlie ancient East. 
But its uses lunc increased a tli<iiisand fold as tlie result of the 
modern discovery of new and tar more al)undaut sources of it. 
Thus in the manufacture of porcelain and in other of tlie industrial arts, 
and as a remedial agency in medicine, liorax has now come to he an imp(jr- 
tant and truly useful substance to mankind. 

The knowledge of its composition is referable to a ^ery recent 
date; only in tlie present century its character as a true chemical 
salt was fully made out. Borax is now recognized as sodic Ijoi'ate, 
which usually exists in a form liolding ten molecules of water of crystalli- 
zation ; accordingly the chemical formula is Xa,B^O,-f 10 H^O. From 
this it appears that, in addition to tlie well-known sulistanccs sodium and 
oxygen, borax contains a special and peculiar element called boron — a 
name evidently derived from borax. Again, being a salt, the substance 
must Ijc viewed as containing an acid — or more jiroperly speaking, the rep- 
resentative of an acid. That tliis is indc/cd the fact niii\' lie rcadilv jim^ed. 
If Ijorax is dissolved in Avatcr in ,-iicli a A\av as to form a concentrated solu- 
tion, tlien, upon addition of cliloi-oliyilric acid, a solid sul)stance separates 
out in pc;u'Iv flakes : this uiioii sul)scqu(.'nt ex;u]iinatiou is f.iund to lie an 
acid. This solid aciil has ]i'rci\cd tlic name Ijoric acid, and it maybe VQ[>- 
resented by the formula II^BO^. 

(167) 
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Sources of Borax in Nature. 

For a long time tlie only known source of Lorax wasthenatviral crusts 
of this suljstauee found principally in the ground in certain parts of Asia. 
At tlie present day, howcAcr, borax is ohtained from Borax Lake, in Cali- 
fornia , in '\ery large quantities. In fact the commercial needs of the United 
States for this substance, are readily supjjlied from borax found within its 
own borders. The most interesting and important steji in connection with 
the preparation of borax dates l:iack to about the year 1776, when the fact 
was made public that certain lagoons in Tuscany contained boric acid in 
their water. It was not imtil about the year 1828, however, that the man- 
ufacture of lioric acid fmni this source was successful upon a large 
scale. In some of tlie Tuscan valleys there are volcanic crevices in the 
earth, called suffioni. From tliem steam escapes charged with certain 
compoimds of Ix.iron. "When tliis steam is l)roiight in contact with water, 
boric acid is liberated in the ANater. The method of securing tlie acid is as 
follows : A I'ing of masonry is built iu a suitable place and so as to include 
several suffioni. Sometimes new sufHoni are artiticiallv bored within this 
ring. Into the basin so pro<luc'cd, water from some convenient spring is 
conducted. Tlie steam from the suffioni passing into the water, pro- 
duces Ixiric acid there. When the water is sutficiently charged, it is 
made to flow as a gentle cascade over a long series of shalloAv pans. 
The lifjuid readily eva2iorates from these pans for under them also, steam 
from suffioni is turned. It is indeed this last mentioned step in the manu- 
fiicture, that became the turning point wlucli has lead to its successful pros- 
ecution. Tlie great cost of fuel fir artificially evaporating the acid licpiors, 
rendered im}irofital)le the earlier attempts to utilize this source of Ijoric 
acid. \ French gentleman, jM. Larderel, siiggested the use of steam from 
suffioni for tlie evaporation of the liquids jiroduced, and the process was so 
successful that he quickly deri-^ed a colossal fortune from its employment. 
At tlie same time he enriched the territory tliat was previously not onlv desert 
and unprodiK.'tive, liut also was looked upon by the inhabitants witli super- 
stitious dread and as little Ijctter tlian the gate of the infernal regions. As a 
result of these inventions, a barren and unfrerjuented territory has been 
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changed to a seat of thriving and beneficial industn'. Finally, it is inter- 
esting to note that for liis services in developing tlie boric acid industry 
M. Larderel was created Count of ]\Ionte-Cerboli by the Grand Duke of 
Tuscany. 
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CHAPTER XIX. 



NITROGEN. 




ITROGEX is an important constituent of our atmospheric air 
of -vNliich it makes up about eighty i:ier cent. The other twenty 
per cent, as has ah-oady been stated, is oxygen. In the air the 
nitrogen is found in the free or imcombined state, and we may 
reasonaljly suppose that it exists here to fulfil some important offices . Unques- 
tionably one of these is that of diluting the oxygen, the energetic constituent 
of air, and lessening its activities — for nitrogen itself is extremely inert. 
From the part it performs in the atmosphere, nitrogen derives a consider- 
able j^ortion of the interest with A\diich it is in-s'ested. 



Discovery of Nitrogen. 

Perhaps the first clearly defined recognition of nitrogen as a constitu- 
ent of the air is referable to the genius of a wonderful man, who, in obscur- 
ity and with the most imperfect appliances, obtained an insight into 
the constitution of substances which has rarely been surpassed. Ref- 
erence is here made to the Swedish, or rather Prussian, chemist Scheele,. 
some of whose dlscovei'ies have been briefly adverted to in earlier chap_ 
ters. It has already been stated that the distinct notion of a gas dates but 
little more than a hundred years back ; and this statement is intended to 
call to mind that brilliant period in the history of chemistry when among 
others, Black in Scotland, Cavendish and Priestley in England, Lavoisier 
and his worthy associates in France, and finally, the sagacious Scheele in 
Sweden, were engaged in a generous rivalry in chemical studies, which 
made the close of the eighteenth century a period in the history of 

(1(52) 
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chemistry tliat ■will not be forgotten so l(.)ng us the science itself shall 
endure. ^Vt this time unstinted effort A\'as devoted, -with ingenious hut 
imperfect appliances, to the study of gases. Of course the atmospheric air, 
as the gas most vast in cpiantity, most acccssiljle f<jr experiuient, most 
iniportaTit in its relation to the economy of ll'sing nature, received its fidl 
share of attention. It was at tliis period tiiat Dr. Rutherford, a professor 
in the University of Edinburgh, demonstrated that after living animals 
have breathed in a confined bulk or volume of air, there remains an inert 
and peculiar gas behind. And Priestley showed that after the burning of 
charcoal in a confined volume of air there remains a gaseous material equal 
to about four-fifths of the amount of original air used. But it was Scheele 
who first clearly pointed out that the air contained a second distinct con- 
stituent that fails to support combustion and animal respiration. And 
Lavoisier first proved this constituent to be an elementary suljstance and 
he cave to it the name azote, which it still retains in the French nomen- 
clature of chemistry. 

It is not forgotten that a critical examination of the history of 
human knowledge respecting the atmosphere re\'eals the fact that a Avon- 
derfully clear, even though incomplete, account of the functions of tlie 
active constituent of the air was printed as early as the year IGGU, by an 
Enghsh physician named John Mayow.* This aftords another illustration 
of the fact, recognized by all students of history, that often in the progress 
of knowledge, before the clear and full dawn there seems to be a twilight ; 
at such a time, and before the darkness has been fully dispelled, there 
have been found here and there men gifted with supernatural vision who 
have been able to read the laws of nature long before acknowledged 
philosophers even had found light suflficient. And so the truths learned 
by ]\Iayow, though clearly stated by him, failed of recognition imtil they 
were rediscovered a hundred years later. (See p. 121.) 

Preparation of Nitrogen. 
Nitrogen is usuallv prepared from the air by the withdrawal of oxygen 
from it. This withdrawal is effected Ijy simie substance whicii has a strong 
affinity f<jr oxygen. 

*Kopp, Hermann: Geschichie der Chemie. Dritter Theil. s. 11)3. 
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Thus one metliod frequently resorted to for the preparation of nitro- 
gen, is to burn pliosphorus in air. Phosphorus is placed in a little crucible 

of porcelain and then 




floated upon a cork on the 
surface of water in a 
pneumatic t r o u g li . A 
bell-glass of air is now 
inverted over tlie plios- 
jjhorus, after tlie latter 
has been set on fire. Tlie 
phosphorus ))urns at the 
expense of the oxygen in 
the bell-glass. Tlius tlie 
oxygen is little by little 
witlidraMii and as a 
result the nitrogen is left. 
Another method for preparing nitrogen is based upon the same gen- 
eral principle. It is the following : Pass a current of dry air tlirough a 
tube containing copper turnings heated to dull redness in a furnace. 
Under these circumstances tlie copper absorbs oxygen from the air, and 
leaves tlie nitrogen, which passes on to a recei"i'er prepared ibr it. 



Fi 



j1. — Preparation of nitrogen from air, by absorbing 
the oxygen by burning phosphorus. 



Properties of Nitrogen. 

Nitrogen prepared l)y these methods, or l_iy any others, possesses the 
following cliaracteristics : 

It is a gas that is colorless, odorless and tasteless. It is not necessary 
to make any scientific demonstration of these facts, because with every 
breatli of air drawn into tlie lungs of a human being a large cpiantity of 
nitrogen is inhaled, and it is easily perceived to be without odor or taste, 
wliile a glance of the eye into the atmosphere sho^^■s that, in moderate 
quantities at least, it is free from color. Up to a period dating but a few 
years back, nitrogen was spoken of as one of the permanent gases ; and 
this word permanent was intended to convey tlie idea that it is not con- 
densable to the liquid form. It is true tliat it was surmised tliat for every 
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gas there must be a point of very low temperature and ^•ery great pressure 
at which the gas would assume the liquid furm. Yet uitrogeii, and two 
or three others, successfully resisted all such attempts to liquefy them 
vmtil toward the close of the j'ear 1878. Since that time, successfid effort 
has been made to l^-ing to a higlier degree of perfection the appliances used 
for subjecting gases at once to intense cold and enoruKnis pressure. With 
these, it is believed that small amounts of nitrogen ha^e been liquefied. 
And it mav even be said that there is now no permanent gas known, Ijut 
that all gaseous substances may in fact be liquefied.* 

As a simple and imcombined substance, nitrogen is characterized by 
extreme inactivitv. It does not burn ; it docs not support (■()mbusti(jn ; it 
cannot be made to enter into chemical imion with other substances, except 
by specially de\ised and circuitous processes. 

AVhile on the one hand inertness is the marked characteristic of tlie 
nitrogen, on the other hand this element is a constituent of a Aery large 
number of compounds. jNIoreover, these compounds are themsebes often 
characterized by a high degree of activity. Of the last two declaratiims 
the first one seems to be inconsistent with the properties of nitrogen in its 
elemental form. The second one seems inconsistent, but less so when it is 
carefully considered. Thus the acti\ ity of the compounds of nitrogen is to 
a certain extent referable to their instability. The meaning of instability, 
as used here, is that the compounds are easily decomposed ; and this is 
because tlic inert nitrogen readily lets go its hold upon the other elements. 
"Whence it appears, that the acti\-ity of the compounds, in reality referable 
to the energetic action of the element or elements now loosed from the 
nitrogen, rather than the nitrogen itself. 

In nature, nitrogen is found as a constituent in some very important 
compounds. Thus it seems U> be an essential element uf some of the prin- 
cipal animal matters, such as muscular fibre and the material of the 
brain. A"-ain, it is a constituent of ammonia gas and als(j of a multitude 
of comp(mnds derived from it Xow these compounds are members of a 
group of substances whicli serve as most valuable kinds of food tor liv- 
ing plants. So it may lie said tliat l)oth living animals and plants seem 
to be in a jieculiar way de()endent uiion nitrogen or nitrogenous matters. 

*^(in;TZi;NBi-;i;Gi-;R, Pali.: Traiti r'e Cln„ne Oc'/'e/'o/c, Paris, ISSO, i, 30. 
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Compound of Nitrogen with Hydrogen. 

Under favorable circumstances, nitrogen and hydrogen combine to 
form the stable, interesting and important compound called ammonia gas 
and havinir the formula N H, . 

While this gas may l)e jiroduced by the direct union of the constitu- 
ents — that is AN'hen a mixture of nitrogen gas with hydrogen gas has an 
electric discharge slowly passed through it — (his is not a common mode of 
pr(jcedurc. Ammonia gas is oftener produced by a natural or artificial 
decomposition of certain substances that contain nitrogen and hydrogen 
among their constituents. As it has already been stated that many animal 
matters contain nitrown and hydrogen, it follows that animal matters 
wlien decomposed, afford annnonia gas ; and so they do, in fact, whether 
the decomposition is in the course of their natural decay, or whether it is 
conducted artificially, as for example when unlmal matters are heated in 
closed ■^'cssels to the point of decomposition. Indeed annnonia gas and its 
important conmiercial compounds were formerly produced in this last men- 
tioned manner. 

Annnonia gas — or some compound of it — is also formed, as may be 
readily imagined from what has already been said, from decomposition of 
vegetuble matters containing nitrogen. It is a fact that at the present day 
the jirincipal supplies of annnonia gas and its comjjounds for the uses of 
commerce and the arts come from such a source, that is from the arti- 
ficial decomposition of bituminous coal. It is true that in the ordinary 
sense coal is not 'vegetaljle matter. But careful examination of it, sliows that 
it is very directly derived from the veijetation of ancient forests. The vcffe- 
table matter has been 2>ackcd away in the earth and has been subjected to 
water, heat and pressure under such ccmditions that these agencies have 
changed it to the form in which we find it. Xow tlie coal-gas industry of the 
present day is so conducted as to decompose coal and collect many of the 
products of its decomposition. One of these products is ammonia gas. 
To tiie decomposition of coal, therefore, the liusiness world at present looks 
for its supply of annnonia gas and the many compounds deri\cd from it. 

;- The name annnonia gas, indicates that it ordinarily exists in the 
aeriform condition. It lias a ^ery pungent odor, well-known as that 
evolved from smelling-salts. It dissohes in water with very great facility 
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and in very large quantities. It lias a strong tendency to combine with 
acids. This last fact may be easily illustrated by simple experiments 
within the reach of almost any one. 

Experiment with Ammonia. 

Provide two wine-glasses or two shallow vessels of any sort. Into 
one of them pour the liquid known as spirits of hartshorn, and called by 
the chemist amnionic hydrate. Into the otlier pour some concentrated 
chlorohydric acid. Abundant white clouds will quickly form above the 
vessels and between them. These clouds are composed of minute particles 
of a solid, called by the chemist ammonic chloride and expressed l)y the 
formula XH CI. Tlic reason for their formation is this : from the spirits 
of hartshorn escapes ammonia gas (XH^) ; from the acid there constantly 
escapes chlorohvdric gas (HCl) ; the two gases meeting in the atmosphere 
combine with energy, and form the smoky product referred to. 

The chemical cliange is represented by the following equation : 

NH3 + HCl = NH.Cl 

One molecule of One molecule of One molecule of 

Ammonia-gas, C'hloroliydiic acid, Ammouic chloride, 

parts lj3- weight. parts by weight. parts by weight. 

53i 53i 

The ammonic chloride thus produced is an article of commerce, well- 
known under the name sal ammoniac. As has been said, it is a solid and 
it Ijelon^s to the class of substances designated Ijy chemists as salts. In 
fact one of the most striking characteristics of ammonia gas is its power to 
produce salts by vmion with acids. Here is a list of three ^\-ell-known salts 
of this sort : 

With Chlorohydric acid, HCl it produces Ammonic chloride, NH4C1 
" Nitric acid, HNO, it produces Amnionic nitrate, NH^XOs 

" Sulplmric acid, H.SO^ it produces Ammonic sulpliate, (NHj).,SO, 

Compounds of Nitrogen and Oxygen. 

Nitrogen and oxygen ordinarily manifest scarcely any affinity for each 
other. There are conditions hdwcver under which they unite ; and more 
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over they unite in different proportions so as to form at least five different 
compounds. These may be jjresented in the form of the following striking 

series : 

Nitrogen protoxide (called laughing-gas,) N^O. 

Nitrogen dioxide, N„02(orNO). 

Nitrogen trioxide or nitrous anhydride, N^O^. 

Nitrogen tetroxide (brown fumes,) -'^2^4 (orNO^). 

Nitrogen pentoxide or nitric anhydride, N„Oj. 

Of these compounds, unquestionably the most important is nitric an- 
hydride — and this not on account of itself, for it is very rarely jjroduced 
either in the arts or in the investigators laboratory. Its imj)ortance is 
referable to the fact that added to water, it produces nitric acid. 

This chemical change is represented by the following equation : 



NjOs 




+ 


HoO 


2HNO3 


One molecule of 






One molecule of 


'I'wo molfcuks of 


Nitric anhydride, 






Water, 


Nitric acid, 


108 






18 


120 


parts by weight. 






])arts by wei^lil. 


parts hy weight. 




12G 




126 








Nitric Acid. 





This acid has been referred to in another place as one of three princi- 
pal acids of commerce. Certain of its most striking properties may be dis- 
played in an easy and interesting manner by any one. For this purpose 
the following experiments are suggested : 

First experiment. — Nitric acid turns C[uill yellow. 

Place a few fragments of white quill in a test-tube. Add a few drops 
of nitric acid and then some water. Now warm the mixture. The 
quill will be found to acquire a yellow color. Fill tlie tube with cold 
water in order both to dilute the acid and to cool it. Piiur away the 
liquid, and wash the quill in "^^•ater. The yellow color will l)c fnund to lie 
permanent. jMany other animal matters are turned to a permanent yellow 
color by nitric acid. 
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Second er/peritnent. — Nitric acid attacks copper with violence. 
There is liberated by the process a gas called nitrogen dioxide (X„0„), 
which is colorless but which becomes brown upon exposure to the 
atmospheric air. The chemical change gi^•es rise to a solution some- 
times green and sometimes blue, according to circumstances. 

Place in a test-tube a small piece of metallic copper in the form of 
either wire or foil. Add some nitric acid to the copper. Then warm it 
gently until the cojiper disappears. The bi-owu fumes will be recognized. 
The colored solution of cupric nitrate, Cu (XOg)„ should also be noticed. 

Third experiment. — Nitric acid attacks zinc Avitli great violence. 

Try another experiment quite similar to that just described, only 
employ zinc in place of copper. Brown fumes are evolved, and a color- 
less solution is jiroduced containing zinc nitrate, Zn (NOg)^. 

Fourth experiment. — Nitric acid attacks iron with violence. 

Try another experiment, quite similar to the second and third, only 
employ iron instead of the other metals mentioned. The fine iron wire 
used by florists is suitable for this purpose. The same brown fumes are 
evolved. A metallic nitrate is also produced ; it is called ferric nitrate 
and its formula is Fe2(N03)g. The solutionis yellow, or but slightly 
colored. 

Fifth experiment . — Nitric acid dissolves a nickel coin. 

An experiment similar to those already detailed may be tried upon a 
nickel coin ; but it is not necessary to entirely dissolve the coin. After the 
acid has acted for a kvi moments, water may be poured into the tube so as 
to dilute the acid, and at the same time to cool it. Then the liquid may 
be poured away and the coin withdrawn. In addition to the lirown fumes 
evolved, the feature most noticeable is the decided green color of the solu- 
tion. This id referable, to a consideraljle degree at any rate, to the nickel 
present. Nickel imparts a green color to most of its solutions. 

These experiments suggest that nitric acid has a marked influence 
upon the metals. This is in fact one of its prominent characteristics ; and 
it is largely used in the arts for the purpose of dissolving metals. 



CHAPTER XX. 



THE ATMOSPHERE. 




HE atmosphere or tlie air of our globe is the vast ocean of gase- 
ous matter at the bottom of %yhich liuman beings, as well as 
other land animals, dwell. While it is so thin that a vessel 
full of it is sj^oken of in ordinary language as being empty, it 
yet possesses a reality which it often displays in a \ery serious man- 
ner. Its presence is made gently evident to human beings by the 
moderate resistance it offers to them when they are in motion ; but when 
itself is in motion with the force of the hurricane or tornado, no solid mat- 
ters can stand in its path. Hea'sy railroad trains and massive buildings 
are hurled from their positions and turned into miserable masses of wreck- 
age, while even strongly rooted forests are swept out of place by its vig- 
orous breath. The terribly destructive power of air at one moment and 
and its mild and subtle efficiency at another arc ■\'ery suggestive of the 
wonderful adjustment of the forces residing in it. It is by the restrained 
action of tliese forces tliat the atmosjiheric air is so admirably fitted to per- 
form its varied functions in connection with animal life. At the same 
time it is so tmobtruslve in its workings that its very existence is at first 
scarcely noted. When at rest, it peacefully wrajos the earth about as in a 
gossamer veil, but when in angry agitation it scourges country and city 
alike as with a whip of gigantic cables. 

The height to which the atmospheric air extends above the earth is 
not exactly known. But carefully devised experiments have shown that 
going upward, its compactness or density diminishes very rapidlv. Indeed 
calculations based upon exact experiment show that at a height of 
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forty miles, or thereabouts, from the surface of the earth, tlie air is 
so highly raritied that practically it there comes to an end. In other 
words, at this height a given hulk of space contains no more air than exists 
in the so-called vacuum produced b}' a superior air-pump. 

Weight of Air. 

Notwithstanding the extreme tenuity of the gaseous medium in which 
we live, it is capable of buoying up on its wings a multitude of living 
beings of vast aggregate weight. It is firm enough to sujjport the 
millions of birds that sail in it, and tlie myriad of millions of insects who 
yet more freely navigate it in search of food and warmth, and in answer to 
the various needs of their existence. 

One of the most striking evidences of the fact that air is indeed a 
material substance is very easily discovered by showing that it possesses 
weight. Thus suppose a properly constructed glass glol^e is almost entirely 
emptied of air by the action of an efficient air-pump. Suppose then that the 
globe is weighed. Xext if it be connected with a boll-glass containing 
ordinary atmospheric air o^'er a pneumatic trough, it may be readily seen 
that the air leaves the bell-glass in order to pass into the globe. If this 
oflobe is now weighed amiin, it is found to manifest a decided increase 
of weight. This increase is due to the air it has received. By such means 
it ma's' be easily shown that a cubic yard of air -sveighs not far from two 
pounds. 

Composition of Air. 

The principal constituents of air are the two gases oxygen and 
nitrogen ; and of these the oxygen makes up about one-fifth and the nitro- 
gen about four-fiftlis of the whole. In addition to these principal sul)- 
stances, however, certain others are always present, of Avhicli may 
be specified vapor of water, carbon dioxide and auunonia gas ; while more 
minute quantities of a ^■ast multitude of other gaseous substances find 
a reservoir in tlie air. It is an unquestioned fai't tliat tlie atmosphere is 
likewise charged most of tlie time with still more minute quantities of 
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solid dust materials of various kinds. An example is found in the com- 
mon salt, blown up into the the atmosphere from the ruffled surface of the 
oceans. Now the oceans are spread over fully three-fourths of the earth's 
surface, and the winds, blowing upon the crested waves, not only diifiise 
the salt over the oceans themselves but also carry it far inland ; accortl- 
ingly spectrum analysis reveals the presence of salt in almost all atmospheric 
air. 

Just as the rivers of water, flow to the ocean and bear alonsf to it 
debris of e\ery kind — pulverized rock and earthy materials and other wash- 
ings from the soil, leaves of forests, impure products of civilization thrown 
in from houses and manufacturing establishments — and all these materials 
make their relatively minute contril)utions to the impurities in the great 
ocean itself, so it is with the atmospheric ocean. Tliousands of millions 
of li-\'ing animals pour out, with ever^r breath from the lungs, materials 
exhaled from their bodies. And so wherever fuel is burned, or 
wherever manufacturing establishments liberate gases or vapors, or even 
finely puherized solids, tliese are cast forth from the mouths of their 
reeking cliimneys ; and they all flow into the great aerial sea. So then it 
is no unexpected circumstance that the air should be a reservoir in 
which, in minute quantity, is likely to exist every gaseous substance pro- 
duced. 

Offices of the Several Constituents of the Air. 

The oxygen of the air is its most active constituent. Tliis is the 
substance tliat has already been described as essential for all ordinary com- 
1)ustion and all animal respiration. By a great varietj- of characteristics it 
is well fitted for these important offices. 

The chief duty of the nitrogen appears to l.)e to dilute the oxygen 
and moderate the exccssi^-e activities that would be manifested if the atmos- 
phere consisted entirely of tlic acti\-e gas. Since iron and other metals 
l)urn in pure oxygen, it is plain that in an atmosphere of oxvo'cn — con- 
taining no moderating gas like nitrogen — a fire once kindled in a stove 
A\-(iu]d niit confine itself to its proper fuel, liut A\'(iuld simn spread to the 
metal of the stove itscli", and s > initiate conflagrations that could hardly be 
restrained. 
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The moisture in the air adds a number of wonderful and ser- 
viceable characteristics to it. Thus it helps to retain the lieat received 
from the enn and so materially contributes to the sustenance of animal and 
vegetaljle life. The heat of the sun penetrates our atmospheric cover- 
let with great readiness and this heat is received by the surface of the earth 
and thence is imparted to the layer of air immediately upon it. Now 
the moisture contained in tlie atmosphere — and in principal quantity in the 
jjortions of air closest to the earth — is one of the chief agencies that pre- 
vent the immediate escape of that heat that the solid earth has secured from 
the sun's rays. And it is in the warm layer of air so produced that ani- 
mals and plants chiefly flourish. Ascend a mountain's side and a 
height is isoon reached at which eternal snow and cold prevail, wliere 
animal lii'e cannot penetrate and even the lowest forms of vegetable 
life can hardly make their residence. What lias thus far been said 
points out a valuable office of watery vapor and one tliat is entirely in addi- 
tion to that M-hlch this same material performs as it floats in the clouds, 
ready to fall as beneficent showers and then to proceed to the other steps 
in the progress of that useful circulation whicli it performs as a liquid. 
But it may not be out of place to mention here that the aqueous vapor in 
the atmospliere appears to serve in another way for man's pleasure, even 
though in this particular no utility can be claimed. Thus the glories of 
sunrise and sunset, which have delighted intelligent beings for so many 
ages, are paintings upon the drapery of the firmament which the ])encil of 
light has been enabled to produce tlu'ough the medium of the refrac- 
tive power of those gathering drops of water which float about in ■\-arious 
forms and combinations in the morning or the evening sky. 

It has already been more than once declared that carbon dioxide is 
poured out into the atmosphere I)y all the ordinary processes of combus- 
tion. This is not only true of combustions such as those of coal and wood 
and similar highly carbonaceous materials ; it applies with equal force to the 
animal body itself, which has been properly likened to a furnace. The air 
taken into the lungs at each In-eath inspired, supports during life a con- 
tinual combustion, by reason of whicli, minute fragments of the animal 
tissue are burned in all parts of the system. One of the jiroducts of this 
burning is carbon dioxide, which is carried to the lungs, thence to be exhaled 
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as a waste product into the atmosplierc. It miglit at first be expected that 
tliis carbon dioxide woidd accumulate and form a constantly increasing pro- 
portion of the air. But it is one of the proj^er foods of vegetable 
life ; for nature has ■wonderfuU)- provided that 2)lants should thrive by the 
absorption or inhalation of this particular gas. And so all the leaves in 
the forest are continually'' cleansing the air of that carbon dioxide that living 
animals have cast aside as a useless thing. And by a magnificent alcliemy, 
the result of a wonderful and beneficent plan, they turn this waste matter 
of the animal frame into food for thenisehes, and they cast out into the 
air as their refuse that oxvgen gas which living animals demand. So then 
the two forms of living beings exist in a harmonious partnership by reason 
of which eacli one is benefited. 

An example similar to that just gi\en with respect to carbon dioxide 
is f .)und in ammonia gas. This suljstancc is one of the commonest products 
of the decay and decomposition of animal matters. Wherever animal 
waste is deposited upon tlie surface of the earth it cpiickly evolves ammonia 
gas. This gas diffuses itself through the atmosphere under the influence 
of conditions whereby it may 2)erform an imj^ortant service ; for it is always 
extremely soluble in water. And so a.s soon as rain is condensed, whether 
in a gentle shower or in abundant torrents, eacli drop in passing through 
the air gathers ammonia and carries it down to the earth. Ao-ain, 
ammonia is one of the chief foods for plants. And so the rain drops, 
charged with such ammonia as they have been able to collect, bear it to 
the rootlets in the soil, as a valuable and important food, and one Avhich 
has been proved to have a most stimulating influence upon their groAvth. 

There is not opportunitj' here for a discussion of the offices and the 
interplay of the othei' suljstanees existing in atmospheric air ; for they 
are morclocal in their effects and more difiicult to trace and to describe. 

The Air is not a Chemical Compound. 

The importance of the atmosphere and its great abundance have 
naturally led to most tliorough scientific scrutiny of it. Thus the amounts 
of its principal constituents have been studied with extreme care. One 
result has been that the principal constituents — the oxygen and the nitro- 
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gen — have been found to exist in air in proportions singularly constant 
in amount. This fact indeed has suggested to some chemists the impres- 
sion that air is a true chemical compoimd. This latter suggestion appears 
not to be sustained by the most rigid examinations that have l^een made. 
In fact the}' give ample support to the opinion already declared — that the 
air consists of a mass of merely mingled gases and tliat these gases are 
imiformly maintained in their proper proportional amounts by the beautiful 
interaction of the physical and chemical jn'operties with ■which they are 
endowed. 

Fitness of Atmospheric Air for its Uses. 

The statements already presented must have suggested to the reader 
that the atmospheric air fulfils its ^' cs in nature much as any contrivance 
carefully devised by an intelligent iramer would accomjilisli the work for 
which it was planned. Beside those chemical adaptations which have been 
the principal grounds upon which this line of thought has been supported 
here, there arc others which may be briefly suggested. 

By reason of the mohility of air, as well as its tendencies to expansion 
by heat, our atmosphere is necessarily in a state of most intricate ebbing 
and flowing. One prominent effect of the motion thus set up is to cause a 
transfer of warm air, and so a distribution of heat, from more favored 
portions of the globe to the others. 

This same residt is also more completely attained by the influence of 
the specific heat of air. Atmospheric air has remarkable power, in which 
it resembles to some extent water : to take up a -^ery large anrount of heat 
with but a slight rise in temperature; similarly a slight fall of tempera- 
ture is associated with a large evolution of heat. By reason of these prop- 
erties, air, like water, has an exceptional storage power for lieat. Tliis 
contributes largely to the equalization of climates. 

The elasitlcltij of the atmosphere permits it to become a useful servant 
of man in the transmission of sound. Tlius human beings — and with less 
distinctness most of the living creatures of the hnver orders — communicate 
their thoughts by means of spoken words through that line of atmospheric 
air extendino- from them to their hearer or liearers. 
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Again the characteristics of the atmosphere are such that it diffuses 
sunlight. By this is meant that in air, sunUght does not confine itself to 
those strictly straight lines which it follows in empty spaces. So then 
this property of air mitigates the blackness of shadows and, for example, 
he who walks into a shady lane does not plunge into absolute darkness, as 
lie might if we were deprived of this beneficial diffusing influence of the 
atmospheric air. 

The two considerations last adduced contribute much towards mak- 
ing the earth a cheerful home for human beings ; for they aid materially 
in the distribution of intelligilde ideas. Moreover those properties of air 
l)y virtue of which its undulating waves makes music possible, and 
fiu'ther those which permit the flight of light, and so allow of the 
existence of the graphic arts, ccrtaiidy make no mean contributions to the 
hap])ines8 of man; and thus they helji to furnish the earth as his place of 
residence. 



CHAPTER XXI. 



EXPLOSIVES. 




HE prineijial explosives owe their activity, to a very large 
degree, to the presence of nitrogen in them ; thus they may 
properly be discnssed in connection with that element. 

The explosives of chief importance are four in number : 
gunpowder, the fulminates, gun cotton, nitroglycerine. "While these sulj- 
stances suggest at once the war-like uses to which they are put, it must 
not be forgotten that they have also important applications in the arts of 
peace. Thus enormous C]uantities of gunpowder and nitroglycerine are 
used in blasting operations for purposes like the removal of rock pre- 
paratory to laying foundations for large Imildings, as -well as in excavations 
for railway cuttings and in the boring of tunnels ; also in the getting of 
building stone from cpiarries, the tearing of ore out of mineral bearing 
veins in mining operations ; and for loosening coal in coal pits. Large 
quantities are likewise employed in pyrotechnics. It must not be forgot- 
ten that fireworks are not only for purposes of night illuminations and for 
public gratification in times of popular rejoicings ; they are also employed 
to a considerable extent for such useful purposes as night signalling on ves- 
sels at sea. 



Gunpowder. 

Of the various explosives mentioned, gunpowder is tlie oldest. "While 
the invention of this substance has often been referred to Roger Bacon, the 
celeljrated English friar wlio died al)out 1292, it is now conceded that 
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tliougli Bacon evidently knew the composition of it, the original invention 
dates far earlier than his times. There seems foundation for tlie l)elief 
that it is as old as a tliousand years, -while its use liv artillerv at the hattle 
ot Creey shows its eniplovment in warfare fjr i)\vv five hundred years. 
Bacon's power of independent thought, placed him so far in advance of the 

century in whieli he lived 
that he hecame an ol>ject of 
persecution, but he is at 
present ranked as one of the 
jirominent figures of history. 
In his works Bacon refers to 
a substance tliat seems to 
correspond to gunpowder, 
and in terms that suggest 
that he considered it as a 
material of not nnconnnon 
kno^wledge in his dav. 

The principal constituents 
of ginipowder are three : 
potassic nitrate, charcoal and 
sulphur. The c h e m i c a I 
a c t i o n between potassic 
nitrate and charcoal in gun- 
jwwder may be better mider- 
stood after a simple experi- 
ment, which any one can 
try. The experiment 
referred to is as follows : take a large piece of charcoal ; heat it over a 
spirit lamp or gas lamp mitil certain portions of it take fire so as to burn 
with a slight glow ; next sjirinkle very carefully a small amount of pow- 
dered potassic nitrate — also called both saltpetre and nitre — upon it. A 
burning, something like that of gunpowder, only less violent, results. 
The potassic nitrate has the formnla KNO3. When it falls upon the 
glowing coal a portion of the oxj-gen leaves the other constituents and. 
accomplishes thereby a true combustion of the carlion. One important 




Fig. 62. — Roger Bacon, born near Ilcliester, about 
1214, died probably at Oxford, in 1292. 
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factor in tlic operation is tlic clement nitrogen ; owing to tlie general inert- 
ness of nitrogen it easily allows the esea[)e of other elements comliinedwith 
it. Si> in case of the ex[icriment just suggested, the comhustion of the 
charcoal is referable to oxygen lil)cratc(l Iiy reason of the feeble affinity of 
one of the other constituents of the potassic nitrate — that is, the nitrogen. 
Tims far the only thing particularly suggested is the combustion that takes 
place; another point of importance may be mentioned in this connection. 
If finely powdered charcoal and potassic nitrate are thoroughly intermin- 
gled and then set on fire in a closed vessel, a large amount of a gas, that 
is, carbon dioxide, will be generated by the combnstion ; and this gas may 
bnrst tlie vessel unless it is a very strong one. If, however, the vessel has 
an oj^jening supplied with a cork or jilug, this stopper will be violently 
driven out by reason of the explosive force of the carbon dioxide gener- 
ated. So in the preparation of gunpowder, potassic nitrate, charcoal and 
the third substance sulplnu-, are finely pulverized and carefully intermin- 
gled. Thus they are lirought to a state of thorough diffusion and intimate 
contact. The offices of carbon and potassic nitrate have been already 
explained. The office of the sulphur is principally to combine with the 
potassium of the potassic nitrate, producing as a result a somewhat larger 
evolution of gas. At all events, when gunpowder is consumed, two 
important results are affijrded. As already intimated, the first is the sud- 
den liberation of a very lai'ge amount of gas — carbon dioxide. The sec- 
ond is that this gas is generate<l liy a process of true combustion attended 
with rrreat heat, the latter contributing largely to the explosive force by 
reason of the great expansion of the gaseous jjroducts, effiscted by the heat- 
ing. 

There are several different kinds of gunpowder, but they all consist 
essentially of the constituents mentioned. Their differences are either in 
the proportions of the constituents used or in the size of the granules 
in which the powder is formed. Thus for some Avar purposes it is 
ref[uisite that the powder sliould I)urn very rapidly, while in others it is 
rec^uired to burn slowly. For the purpose of regulating the rate of com- 
bustion, the grains are made of various sizes. The smaller sizes burn more 
quickly, while those of larger dimensions as well as those more strongly 
compressed, burn more slowly. 
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While tlie exact cheiiiical changes which take place when gunpowder 
burns, are too complicated to admit of discussion here, they are in the main 
those just explained. 

Fireworks. 

Gunpowder affords the basis of the pyrotechnic art. It is employed 
also with the distinct intention of utilizing both of those prime properties 
already referred to. That is to say, by reason of its explosive force, gun- 
powder produces the various forms of motion requisite in fireworks. By 
reason of the intense heat afforded by its combustion, the various kinds of 
light are producil:)le. The truly marvellous effects obtained by the skilled 
pyrotecimist involve the use of a great multitude of substances and also 
an ingenious mechanical combination of them. The effects he must pro- 
duce require l.)rilliaiit light in various qualities and also upon occasions loud 
reports, as tlie bursting of bombs and the like. So many forms and com- 
binations of fireworks are possible that no enumeration can be made 
here ; moreover, their infinite capabilities depend upon the inventive 
resources .and skill of the maker. In a brief description, the rocket 
may be taken as the type of fireworks. It is often of most ingenious 
construction. Thus it may be provided with many chambers, one con- 
necting with another by pi-oper passages. In these passages are 
placed fuses so that the fire shall run from one chamber to another in proper 
order. Of course the main Ijarrel contains a quickly burning gvmpowder. 
This is for the purpose of producing the ascent. It is well known that a 
pistol, a rifle or a cannon, always experiences a strong recoil when fired. 
So does a rocket ; but the rocket is so constructed that the recoil is the 
chief factor in its first discharge. That is, if the rocket is com[)ared to a 
cannon, the discharge is downward and tlic recoil upward, so that in fact 
the ascent of the rocket is due to what may be called an excecdinglv pow- 
erfid recoil. "Wlicn the rocket is high in air, the fuse connected with its 
principal barrel lights its subordinate chamljers, and these then explodino- 
distribute into the sky the Ijrilliant masses of stars or other graceful pieces 
originall}- intended. The loud reports that take place at such times are 
due to portions of violently exploitive substances withm certain chambers ; 
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while the party-colored lights prudueed are referable to the burning of sub- 
stances wliich ha\e been carefully selected for tlie purpose. Thus the 
pyroteclmist has recourse to mixtures of gunpowder and various other 
chemical substances to produce colored tire. Finely powdered charcual or 
lamp-black give rise to a red tire ; so also do most of the salts of stnjntium, 
Common salt or powdered rosin give rise to yellow fire. Copper tilings 
and certain salts of copper produce greenish hues; so do salts of barium. 
Zinc filings and chloride of copper, and certain others, produce blue shades. 
Saltpeter in considerable quantity' afibrds a delicate pink ; while iron fil- 
ings and steel filings produce scintillations of great brilliancy. 



Fulminates. 

The fulminates are substances that are so extremely unstable in chem- 
ical character, that they require but a very slight mechanical blow to 
decompose them. Two fidminates in particular may be mentioned : fulmi- 
nate of mercury and fulminate of silver. They are both viewed as salts 
of a peculiar complex acid called fulminic acid. This acid is a compound 
of carbon, hydrogen, oxygen and nitrogen. When silver or mercury 
takes the place of the hydrogen in fulminic acid, the dangerous salts just 
mentioned are obtained. Fidniinating mercury is the one of chief use. 
It is emjjloyed in percussion caps. A drop of gum is jjut in the inside of 
the cap, then the exact amount of fulminate in the fijrm of a powder is 
allowed to fall into the gum : finally the whcjle is allowed to harden. AVhen 
the cap is used, a violent blow from the hannner of the gun or pistol gi^es 
rise to the explosion of the fulminate, and this commimieates to the gun- 
powder of the cartridge to be fired. Fulminating silver is too dangerous 
for use in percussion caps, but it is employed in certain explosive toys like 
torpedoes, 

Gun-Cotton. 

Gun-cotton is a chemical modification of tiie ordinary cotton fibre. 
This fibre when purified Ijy chemical washings consists entirely of tlie 
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sul)stance called cellulose. It is not ditterent from certain other -^'Cgetable 
fibres. It has the formula : 



C„ILO.,H. 



wliicli may also he represented as follows : 



C,.ILO,-^ 



II 
H 
II 
II 
II 



"When clean cotton is acted upon hy strong nitric acid it undergoes 
the \\(>nde)'tul clieniical change to gun-cotton. A^ ithout material altera- 
tion in its jihysical appearance there has l)een a chemical snljstitution by 
reason of A\'liich a nitrogen compound has been introduced into the chemi- 
cal molecule, as a substitute in place of certain of the hydrogen atoms 
originally present. Thus the fornnila of gun-eottou may be represented 
as follows : 

fH 
II 
C' ILO.^ NO.. 

NO' 



A comparison of tliis formula with the one given for pure cotton shows 
that three atoms of hydrogen in the cotton have been replaced in the gun- 
cotton Iiv three molecules of the compound radicle Is O.,. On this account 
gun-cotton is often spoken of as trinitrocellulose. By reason of this 
clieniical substitution tlie cotton changes as if bv magi(" from the simple, safe 
mateiial ordinarily known, to one of the most dangerous of explosives. 
Tliiis Mr. Abel, tlie chemist to the Eiiglish War Department, ^\\\o has 
made a series of most careful studies of gun-cotton \^\t\\ reference to its 
use for ^\^i\\^ purposes, finds tlie ex}ilosi\'e pOA\-er of gun-cotton to be more 
than fifty times that of gunpowder of e(pial weight. One of the greatest 
objections to the use of gun-cotton is found in the fact tliat upon keeping, it 
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undergoes of itself a steady decomposition resulting ultimately in dangerous 
exjjlosions. This fact appears to be likely to prevent the substance com- 
incf into o'eneral use. 



Nitroglycerine. 

Glycerine — produced at present in enormous quantities from tats and 
oils — is well known as a sweetish, oily and harndess substance. Glycerine 
is composed of carbon, hydrogen and oxygen in proportions but slightly 
different from those in cotton. Thus its formula is 

If this bland and simple material is subjected to tlie action of concen- 
trated nitric acid, it undergoes a change ^•ery similar to that recognized in 
the case of cotton and just described. It then produces a compound called 
triuitroglycerine which, while it ranks as one of the most powerful and 
visefid explosives, is also associated with a long list of horrible disasters 
produced by accidental, or in some cases intentional, explosion of it. 

Nitroglycerine is itself an oily material and was at first considerably 
used in that form. The terrible accidents from transportation of the article 
have given rise to the adoption of two means for lessening the risks attend- 
ing it. The first is the maimfacturc of the substance in suitable localities 
■ — that is near to great public works in wliieh it is to l)e emphived. And 
again the factories are so arranged that the operation of the manufacture 
shall be conducted in small Iniildings surrounded by earthworks sufficient 
to localize any explosion that might unhappilv occur. 

At the manufactory of explosives at Ardeer on the Scotch coast, 
about fifty miles from Glasgow, a most ingenious additional precaution is 
taken. Plerc eacji laborer, as he enters the works in the morning, passes 
into a cottage to change his dress. He dons a luiiform of a special and 
distinctive color — it may be scarlet, or bright blue or white or grav, accord- 
ing to the department in which he is employed. Thus the policemen who 
are constantly on duty can detect at once any employe who strays into a 
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department to which he does not belong and Mhere liis hxck of acquaint- 
ance ^vitll the processes niiglit lead to a terril)lo accident. 

Another special device is the invention of Alljert Nobel, who has 1)een 
noted as the principal person Ijy whose efforts nitro- 
glycerine has been introduced into the important uses which 
it finds at the present day. This is the absorption of the 
liquid nitroglycerine in some spongy material such as will 
serve as a safe and proper vehicle for the explosi\'e. The 
substance thus employed is a kind of fine siliceous earth 
called diatomaceous earth, also infusorial earth. This is 
a mineral material found in ^"arious parts of the world in 
somewhat abundant deposits. Upon examination by the 
microscope it is found to be composed of the mineral 
skeletons of microscopic organisms. The minute cellular 
texture which this substance affords seems to be admirably 
fitted to imbibe the liquid nitroglycerine, and assist in 
packing it in proper cartridges. The explosive produced 
by the combination is the one commonly known as d3'namitc. 

A peculiarity of nitroglycerine and dynamite is that Fig, 56. 
they cannot be fired in the ordinary fashion. That is, if a 
lighted match is brought to them they may take fire and burn with pci-fect 
quietness. For their explosion they demand some kind of violent blo-w. 
For this reason their cartridges have to be provided with special exploders. 
These are small cases of gunpowder or perhaps fulminating materials, which 
may be set on fire by means of a 2:»owdcr fuse or an electric current ; their 
explosion within the nitroglj^cerine mass determines a ^-iolent shock to the 
latter. It is the concussion thus produced that is the aj)propriate means of 
exploding the nitroglvcerine or dynamite cartridges. 

While the sad accidents with these materials lia\e horrified the whole 
world by their sudden and disastrous results it is too often forgotten that 
their gigantic forces arc day by day safely and quietly contributing to the 
execution of great public works all over the earth. Thus in the great rock 
tunnels of Mont-Cenis and St. Gothard, which pierce the Alps, nitro- 
glycerine and dynamite have done the work of armies of men. In the 
St. Gothard tunnel more than two million pounds of dynamite ha-i e been 
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employed, and it 1ms proved wonderfLdly efFeetive in advancing most ardu- 
ous suliterrancan Avork. Unquestionably the jirincipal use of this explo- 
si\e, as well as others, is in the labors of peace. Still, nitroglycerine and 
dynamite have come into great prominence by reason of their use in 
naval warfare. Torpedoes of a great variety of forms are now con- 
structed so that a quick mo^'ing launch may steam tip to a large ship of 
war, place close to her side one of these dangerous contrivances and then 
quicklv withdraw in time to avoid the effects of the explosion which 
invoh-es the great vessel in devastating ruins. Torpedoes charged with 
nitroglycerine or dvnamitc, are also used for the defence of harbors, being 
sometimes ])laced in such a way that an enemy's ship, in crossing the line 
formed by the torpedoes, shall by tliat act explode one or more of them 
and jiroduee her own destruction. 
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CHAPTER XXII. 



PHOSPHORUS. 




IIOSPHORUS is a most interestlnn' clicmi(;al element. Tliis 

is beeausc of its cxce|)ti(jnal cliemical properties, tlie Aerv 

importaut part it plays iu the eliemistiy of animal and -ic^etahle 

life, and its employment in the ti'ietion mateh, one of the most 

con\enieiit and useful artieles of human invention. 

Phosphorus appears to liave been first prepared in the year 1(169 
by a Hamburg merchant named IJrandt \\ho became fascinated Avith the 
study of alchemy and pursued his experiments witli the •\ iew of repairing 
his broken fortunes by the disco\ery of the philosopher's stone. The happy 
discovery of pthosphorus, -vvhile it did not enrich him, at least preserved 
his name in the annals of clieniistry. Brandt jn-oduced it Ijy a labori- 
ous process from certain animal matters. Notwithstanding the remark- 
able properties of the substance and the extraordinarily useful purposes 
to which modern scientific knowledge has apj)lied it and its compounds, 
phosphorus remained the merest toy f(jr more than a laindred years. 
In 1771 Scheele revealed to the world the fact that it may Ix' prepared 
from bone-ashes, that is from burnt bone, and tliis has e\er since been 
found to be its most C(jnvenient source. 

The name phosphorus is derived from two (Ireek words {cw: jyhos, 
light, and, (fifwt phero, I bear) which suggest one of its marked ])r<jpcrtics, 
namely its power of continually aftbnling light even though not set on fire 
after the manner of ordinary illuminating materials. It is true tin; light is 
feeble and chiefly noticeable in the dark. It is the same, in fact, as that 
yielded in tlie dark by an ordinary friction matcli when it is gently rubbed, 

(1S7) 
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but has not yet taken fire. This light, however, is the product of a true 
combustion, only of a very slow one ; and again this burning of phosphorus 
is initiated by heat, (though only a -^'ery moderate amount is required for 
it) . Of course for phosphorus much less heat is demanded than to set on 
fire our ordinary combustibles. 

Phosphorus, though very widely distributed in nature, is never found 
free or uncombined. This fact is distinctly referable to the ease with which 
the substance combines with ox}-gen ; if it were found free at any point 
on the surface of the earth, where it suffered exposure to atmospheric air, 
it would of course quickly enter into combination with oxygen. 

Phosphorus exists occasionally in the earth in the state of combination 
in very hard rocky masses, of which the mineral known as apatite — com- 
posed mainly of calcic phosphate — is a good example. It is also present 
in small quantities in almost all soils ; and in m inute quantities in most 
natural waters, like ri^-er-water and sea-water. 

One of the most fixmiliar substances containing phosphorus is the bony 
skeleton of the iiigher animals. Plere also it exists as calcic phosphate. Pc 
exists also in the brain, though in a form of chemical combination not 
easily stated. 

Further, it is a constituent of -sarious portions of the vegetable struc- 
ture, especially of seeds. 

The statements in the last two paragrajjhs have been presented with 
the express purpose of calling attention to the important otiices of phos- 
phorus in connection witli animal and vegetable life. Thus exact experi- 
ments have shown that plants cannot flourish in soils bai'ren of piiosphates, 
and that the mere addition of almost any soluble phosphate to an arid soil 
promptly stiuudates the plant living ujjon it, into more luxuriant growth. 
These facts have led to the introduction into commerce of artificial ferti- 
lizers containing soluble phosphates as their principal ingredients ; and the 
manufiicture of such fertilizers has continually expanded, until now it is 
conducted by the principal commercial nations on a truly gigantic scale. 
For the purpose of this manufacture, hojtes are particularly fa\'orable 
because of their porosity. In fiict the surface of the -\vorld is ransacked to 
supjjly this raw material. Thus from the deserts of Africa, lx)nes are con- 
veyed as far us England to be manutactured into fertilizers ; and so from 
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the great western plains of the United States, bones are l)ronght to the 
eastern centres for a like use. 

The agricultural deiuand for phosphates of some sort has Ijecome 
so imj)erious that even apatite is now largely used, notwithstanding the 
difficulties that its exceedingly hard and compact structure place in the 
way of the manufacturer. 

From the plant, phosphorus finds its way in the form of food into the 
animal system. The living animal appeciates this essential ingredient, 
carefullv selects it out from the food, and stores it up both in its brain and 
in its bony framework. This framework is exceedingly important as giv- 
ing the requisite rigidity to the whole structure, and tlie proper support 
for the action of the various muscles. 

Phosphorus itself is prepared by a process too complicated for the 
ordinarv amateur chemist to repeat ; indeed its preparation, e-\en on the 
large scale, presents serious difficulties. These are associated with tlie 
great combustibilitv of the substance, which makes necessary extraordi- 
narv precautions against fire. Again, laborers in phosphorus works are 
subject to a painfid and incurable disease called jj/io.sphorus necrosis, 
which has a peculiar and destructive effect upon the bones of tlie jaw. Fin- 
ally, the chemical changes involved give rise to such difficulties and com- 
plexities as force the manufacturer to unusual watchfulness. In fact it has 
been recently stated that there are scarcely more than two factories for 
phosphorus manufacture in the world — one in England and one in France. 

The element phosphorus, as ordinarily seen, has much the appearance 
of wax. It has a white or amber color, and is translucent; it may l)e 
cut with a knife nuich as wax cuts. It is ordinarily sold in the form 
of cylinders of about half-an-inch in diameter. It is necessary to kecj) 
it in vessels of water, for as already stated, if exp(jscd to the air it would 
oxidize. This oxidation, at first slow, increases in vigor from the heat 
aftbrded by the earlier stages. After a short exposure t(j air, pcntions of 
phosphorus spontaneously burst into flame. Evidently then, phospho- 
rus should not be handled except un.ler water. Cases are recorded of 
severe and even fatal burns — the result of handling phosphorus in the air. 

We may with proiiriety call attention here to anotlier peculiarity of 
phosphorus, which constitutes one of the remarkable features of this inter- 
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esting element. About tliirty years ago, a Vienna chemist disco vei'ed that 
wiien phosphorus is lieated for a consideral^lc lengtli of time, under con- 
ditiiins such tliat no gas is [)rcsent which can act chemically upon it, it 
imilergoes a marked change in its properties. Thus its color turns to 
red, and, strange to say, it loses altogether that ready combustibility 
which is tlie niost sti'iking characteristic of ordinary jjliosphorus. It may 

seem incredible that 
any such change could 
in fact occur. But tliia 
red phosphorus has be- 
come an article of con- 
siderable importance 
in commerce, and it is 
a well-established fact 
that ordinary phospho- 
rus ma}' be turned into 
^RjJ^^^^iaE^s this modification with- 
m '^ gigjgg^^ p:"^^ ^^^ out any gain or loss of 




^BS!^=""^" weight, and that, on 

Fig. ns. — Coiajnet's apparatus for protluction of rerl phos- the Otner iiancl , tms red 

phorus. Ordinary phosplionis is placed in a cast-iron ves- nhoSDhoruS m av be 

sel c; itistlienlieatedtenortwelredays, an even tempera- '- '^ _ ^ 

ture beingniaintainedbytlietwo iron jackets, oneenclos- turned back again, by 

ing sand, the other liolding fusible allo}'. •ill j. 

° s .) siutable processes, to 

the ordinary form, also Avithout gain or loss of weight. Pliosphorus is 
not the only elementary sul)stance that is capable of this kind of change. 
Indeed tlio general term allotrojyism has been applied to the tendency of 
elementary substances to imdergo internal changes, by reason of which 
their chemical properties are temporarily modified without gain or loss of 
weight, and therefore independently of chemical combination or decomposi- 
tion. 



Chemical Properties of Phosphorus. 



The chemical jJroperties of phosphorus are wide in their range ; that 
is, it combines with many of the chemical elements. Thus it unites with 
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hydrogen in more than one proportion, and thercljy forms several com- 
pounds. As might be expected, tlicy are all exceedingly combnstiljle ; 
one of them in particular, called phosphuretted hydrogen, takes fire at 
ordinary temperatures innnedlately upon coming in contact ^\ithtlie atmos- 
phere. Its production atlbrds o[iportunity for a beautiful experiment, though 
a somewhat dangerous one. When the gas is produced in a retort, it may be 
made to bubble through water in the form of a apor in company with various 
gases generated at the same time. Then, as it readies the surfiicc, it 
instantly takes fire, the c ^ ^ 

phosphorus burning to a 
white, smoke-like sub- 
stance which usually floats 
away in forms siuidar to 
those of smoker's rings. 
The smoke consists of 
minute particles o f a 

solid, called phosphorirs 

pentoxide, and expressed ''^ ^^^ffSr^bi 
by the formula i'c.O.. " 

This i-spvidentlv the iiro- ^'''- 50.— Phosphuretted hydrogen gas, of the spon- 
J_niS IS eMCienTl\ tne [iro taneously infiammable variety, taking fire in air and 







duct of the combustion forming smolce-rings. 

of that phosphorus which is a part of the inflammable gas. The shape 
of the rings is due to a mere mechanical circumstance and the same 
in effect as that affijrded by the lips of the smoker wliile producing rings. 
Indeed if a paper box, having a round hole on one side, be filled with 
smoke of any kind, sliarp blows upon the opposite side will drive out i>or- 
tions of the smoke in such a way as to produce similar rings. Such rings 
are often seen on a still dav puffed out of tlie smokestack of a locomntive, 
and they are sometimes produced by the discharge of a cannon in still air. 
The fiict is that in all these cases tlie portion of smoke producing a ring 
advances through the opening with a sudden impulse, the edge of the 
opening retarding those particles that pass nearest to it. Thus the 
delayed particles acquire a tendency Ijackward and inward which starts 
them on the peculiar series of circular courses, which in the grand aggre- 
gate give rise to the rings. 
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As lias more than once been stated, pliospliorus lias a marked affinity 
for oxvgen. It l)nrns in any vessel containing air, combining with oxygen 
in sncli a way as to readily deprive the air of the entire amount of this 
element contained in it. 

The chemical change is represented by the following equation : 
P + 50, = 2P,0, 

One molecule of Y\yg molecules of Two molecules of 

Phosphorus, Oxygen, Phosphorus pentoxide, 

lU IGO 284 

parts by freight. parts by weight. parts by weight. 

~!?84 ' 284 

When the operation is performed in a tall jar, the oxide of phospho- 
rus })roduced falls as abundant flakes ha^-ing a snow-like consistency. 
"When these flakes are thrown upon Avater tliey chemically combine with 
the water, aftbrding much heat and producing a hissing sound which is 
the evidence of it. The liquid now acquires a sour taste referable to the 
fact that phosphoric acid lias been produced. 

The chemical cliange is represented by the following equation : 

P.Oj + SHoO = 2H3PO4 

One molecule of Three molecules of Two molecules of 

Phosphorus pentoxide. Water, Phosphoric acid, 

142 54 190 

parts b.r M-eight. parts by weig-lit. parts by weight. 

ifKi ' in' 6 ' 

Phosphoric acid is the starting point of an immense series of salts called 
phosphates. One of these, calcic jihosphate, we have already referred to 
as existing in bones and in apatite. 

Friction IVIatches. 

Tlie cai-liest method of producing flame appears to have lieen bv the 
friction of pieces of dry wood in contact with dry leaves or similarly combusti- 
ble sulistances. This method travelers have found to be still in use among 
tribes of a \n\x stage of development. The next method seems to have been 
by the use of flint and steel and tinder. Wlien the flint is sharply struck 
against the steel, it tears off minute particles of the metal, and these frag- 
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nicnt.s are licated to tlie himiiKuis puiiit Ijy the 'S'iolenco of tlio stroke ; if 
tliey are made to fall upon tlu' tinder, this eii.'<ily coiiilmstihle material takes 
fire ; from its Ininiiiig, a candle or lamp may be lighted. Ikit the flint 
and steel and tinder must be dry and in good order to produce the best 
residts ; c\ en then consideral)le skill is demanded. So it is easy to see 
that mankind has often preferred to preserve a flame once Uylded, and 
then communicate this to another and another fi-om time to time, rather 
than to go to the trouble of exciting a new combustion when fire was 
needed. ^Vnd it is easy to appreciate the usefulness to its possessor of a 
flame once kindled — and the serious inconvenience resulting from its extinc- 
tion. Thus we can readily comprehend how nations have adopted fire 
as a sacred agent, to be preserved continuously imextinguished, and to be 
guarded with religious care. 

The flint and steel method has ample illustration as to its principle, 
not only in familiar eases like sparks from the Iiorse"s lioof, but also in 
many processes in fiictories and machine shops. Here it is well known 
that the grindstones used for finishing articles of iron and steel send off 
from their work an uninterrupted current of minute chips of the hot and 
luminous metal. 

The flint and steel method of obtaining fire held its own until aljout 
sixty years ago. In 1820 a kind of chemical match was devised, and soon 
after, in 1832, a true friction match containing phosphorus was brought 
into use. Tlie prineiple.-i upon which the 2)hosphorus match depend are 
but very slightly different from those involved in the use of the flint and 
steel. Thus in the friction match the ruljbing upon the rough surface is a 
mechanical process which generates heat, just as any blow or any friction 
does. In the case in question the amount of heat is small, but it is suffi- 
cient to set on fire the small amount of phosphorus on the tip of the match ; 
the phosjjhorus sets on fire the sulphur which coats over the end of the 
matcli ; the sulphur in burning sets on fire the wood of the matcli, and 
here the combustion has reached a stage at which it is easily communicated 
to larger masses of material. In the finer kinds of Avooden matches, in 
order to avoid tlie objectionalile smell of the burning sulphur, this latter 
substance is sometimes replaced by a thin coating of wax upon the end of 
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the Stick. In this case, other cheiuicals are added to the tip of the matcli, 
in order to make the combustion more active. 

Friction matclies of the ordinary kind are now so abundant and 
familiar everywhere tliat the exceeding usefulness, convenience and impor- 
tance of the match as a device or invention, is apt to be overlooked. It is 
not intended to dwell here upon this subject, however, for perhaps what 
has been said of the appliances for lighting used in the j^ast, renders unnec- 
essary fiu'ther presentation of the principles utilized in the little tapers of 
to-day. 

As an article of manufacture, the individual match is so small that 
it is not easy at first to appreciate the greatness of the commercial 
interest it represents. Thus it is estimated that in Euroj)e alone fifty 
thousand persons are constantly employed in the manufacture of the vari- 
ous kinds of matches. Again, though the amount of phosphorus used in 
each match is very minute, its sum-total is no less than a thousand tons a 
year. The value of the annual jiroduct of this industry is not far from 
fifty millions of dollars. 

If there were introduced here an account describing at lens'th the 
manufacture of the friction match — commencing at the beginning with the 
special kind of wood employed and the processes used for its subdivision into 
the requisite fragments, continuing even so as to exjjlain the various con- 
tri\'ances for packing the finished product — that description might be 
of interest ; but the special to2)ic seems to be more properly the 
preparation and application of the material at the tip of the match. The 
sticks having been prepared, they are placed, by machine, in frames capable 
of containing large numbers of them. They are first sulphured, that is 
their ends are dipped in melted sulphur and it is allowed to harden upon 
them. For the finer grade of matches however, the sulphur must be dis- 
pensed with, and instead the sticks are dipped into melted Avax. 

In any case, they are next tipped with the highly inflammable material, 
this process l)eing called chemicking. The inflammable paste is prepared in 
large quantities by mixing the proper ingredients in a kettle surrounded by 
boiling water. First, a solution of an appropriate gum or glue is made. 
"When it has attained a ])roper consistency, tlie phosphorus is introduced 
little 1))' little. The Avhole mass is then slo\\ly but thoroughly agitated 
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1(.) parts. 

9 parts. 

14 parts. 

IG party. 



according to the style 

k 



witli a wooden stirrer initil the pliosphrous is diffused throngli tlie mass. 
Finally, otlier ingredients, sneh as potassic, nitrate or 1)in(.)xide <]f lead (ir 
manganese dioxide, which faA'or ciMnbustion, are added ; and certain col- 
oring matters, sucli as Prnssian l)lue or vermilion, are introduced. Here 
is a German recipe for making this paste : 

Gum, 

Phosphorus, 

Potassic nitrate, 

^Manganese dioxide, 
As has already liecn intimated, all of these substances, except 
the phosphorus, may be replaced by others 
of the article to l>e m a n u - 
factured or the views of the „ 

maker. The process of chemick- 
ing consists in dipping the sul- 
phured ends into the inflanmiable 
paste, wliich for this purpose is 
spread out on a stone slab. 
Finally, the tips are coated over 
with a thin \'arnish to protect 
tliem from absorption of mois- : 
ture. 

At present the manufaetm'e of °-*=5SC~S.^5?i>^s^— tf- 

friction matches is carried on to a Fig. go. — Pan or water-bath, for melting and 

1 i i • o 1 mixins the inflammable paste for match tips, 

very large extent in bweden, 

and tliat country, it is now stated, produces about seventy-five per 
cent of all the matches made in the world. In Sweden, too, are 
largely manufactured what are called safety matches. Tlie safety 
matches are tipped witii a composition of potassic cidorate, potassic dichro- 
mate, red oxide of lead, and sulphide of antimony. Under ordinary cir- 
cumstances friction will not set these matches on fire. In lighting, they 
must be rubbed on a prepared surface which contains principally red phos- 
phorus and sulphide of antimony. When tlie match is rubbed upon tliis 
surface, the potassic chlorate of the match and tlie red pliosphorus of the 
friction-surface start a ciiemieal combhiatiou wliicit extends to the other 
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materials on the tip of the match. Safety matches, then, involve an inven- 
ti(iu ■which in accomplisliing its purpose, afi^brds a twofold ath'antagc. In 
the first 2'li^<'t'> as the match lights only on the prepared surface, 
the danger of conflagrations from accidental ignition of them is very 
largely reduced. This costly featnre of the ordinary phosphorus match 
would Le largely, if not entirely, done away ■with Ly the general use of 
the safety match. In the second place, the use oi red pJiosj^horus lias the 
ad\ antage of saving human lives in other ■ways. Thus it spares the operatives, 
employed in this business, the liability to the phosphorus disease already 
mentioned. Again, ordinary phosphorus is very poisonotis ; in fact the tips 
of matches containing this substance ha^\c not only often produced the death of 
cliildrcn -who have tasted them, but such matches have often been used in 
cases of intentional suicide. Of course as safety matches contain no 
pliosphorus, these forms of j)olsoning cannot arise from them. 

A flame of fire, as a visible and tangible thing, has in all ages been 
accepted as a symbol -which appropriately typifies enlightenment of the 
mind and soul. This favorite and lieautiful figure loses none of its fitness 
w'lieia narrowed in its application to the aspects of these subjects in their 
peculiarly modern forms. For in the friction match, ■^vhoso cheapness 
brings it to the hand of every human being however low his degree, "we 
may discover the type of that opportunity for enlightenment offered to 

individuals "whose circumstances seem most humble and even forbiddino-. 

o 

The tmc is the invention of modern science ; the other the gift of modem 
laws, of modern theories of the rights of men, of modern schools, libraries, 
and newspapers, of the modern printing press, telegraph, and railroad. 
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AEBL'X exi.-ts iu iiatuix' in a niulritudo (.f fni-ins. It i^ rare]'." 
found iu tlie pure and iui<_-onil)ine(l eouditicm, tlmugli eertaiu 
wcll-kno\vu sul)stanee.s ]iosse?^s it iu lar^e fjua^tit^•. 



Ordinary Charcoal. 

Prolialilv tlie most familiar ami representative form of carbon is tliat 
( ' known as eliareoal. But char- 

coal is rarely free from other 
clieniieal elements, and a dis- 
"- tinction ought to l)c made be- 

tween it and tlie alisolutelv 
jnire firm of the element inider 
- consideration. C'liarccial is 

) produced by the piu'tial de- 

^X composition, tnidcr the intlii- 

\i cncc of beat, of vegetable or 

_ ^-- anini;;l substances. Thus char- 

^0^-—--^Sr-^ '~ yt;_ coal i.. coirnnonly pi-rpared 1 y 

'^z£ T- 7''',-^ '"~-— ^ pilin;;' "Wood iiiti a., conical la'ap. 

Tic. (,!.— f liarLM,il pit then Covering it ^\-iui earth and 

sods, and finally setting; it on lii-e within. Certiiin portions of the wood 
are thus ))urned, while others are only charred. TIio wood is decomposed 

(107) 
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ViO. (J-. — Tree trunks discnvered in coal mines. 
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by the lieat to Avliicli it is sulijecteJ ; volatile materials generated l)v this 
decomposition are expelled, while there is left behind a solid matter con- 
sisting mainly of carbon, and called charcoal. 



Animal Charcoab 

The same general treatment of certain animal matters, such as waste 
leather, gives rise to a finer kind of carbon called animal charcoal. 




i''iij. G.'J. — C'liurcual burners al wurk. 



Again, when bones are [lartly biii-ned, they jjroduee Avhat is called 
bone-coal. The miueral mailer of the btinc undergoes no change by the 
heat ; but tlie gelatinous matters wliich permeate it are decomposed, and 
they leave behind them the carbon dci)osited upon this mineral matter. 
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Lamp-Black. 

Another material, closely assimilated to those already spoken of, 
is lamp-hlark. This is a product of the imperfect combnstif)ii of snhstances 
like oil, tar, resiu, and the like, ^\ hicli are ACiy ricli in carlmn. The tar or 
resin being set on fire is allowed to l>urn. but iu an imperfect way, and so as 
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l-'iu. (i-t. — Manufacture uf hiiiip-black. 

to evolve a'densc black smoke. The smoke flows into a chamlicr iirenared 
for it, "where the sooty material collects on the floor and \\-alls. It is after- 
wards scraped np and put into packages for commercial distribntion. In 
the English method of manufacture of lam[)-l>lack, the smoke is made to 
pass through a series (if heavy canvas bags. From openings at the bot- 
toms of the bags, the soot is afterward drawn out for packing. 
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Coal. 

Antliraclto coal and liitimiiiioiis ciial arc l)otli well-known compounds 
of carbon. Antlu-acite seems to lie derived from hituniinoiis coal which 
has been sulijectcd in the earth to heat and pressure under conditions favor- 
able to the expulsion of some of the more volatile etjustituents of the 
original bituminous coal. IJoth of these combustibles, when carefully 
studied, show distinct evidences of their vegetable oi'igin. Plainly 
tliev are accunudated I 



masses of the remains 
of a rank vegetation 
which H(.iurished in an 
earlier period in the 
geological liistorv of J- 
our globe. Careful 
obser\"ations made in 
the mines ha ve re vealed 
in the coal the exist- 
ence of trunks of trees, 
branches, leaves, 
fruits, in vari(jus con- 
ditions from the one 
extreme of compara- 
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Fic. C>'> — Bags in which lamji-black is collected in the 
English process of manufacture. 



tively perfect preservation, to the other extreme in which the mineral pre- 
serves a mere impression of the original vegetable matter. These remains 
have made it p)ossible to construct a complete botany of this period of geo- 
logical histor\' ; and with but a moderate aid of the imagination, artists 
have b'ecn alih' to jiroducc, ideal landscapes representing these early forms 
of vea-etable life as tliev ihjtuislied in llie ancient ages. 



Graphite. 



Closclv allied ti> anthracite ccial is that \uluablc material called 
gra[)hite. This a Acrv C(inipa(;t and (()niparati\ ily pui'c lunii ol cailjon. It 
is tamibarlv known to everv one in ihc black material used in lead pencils. 
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Grai^liite is comnioiily called black lead, tliouy-li it is a well estaljli.shed 
fact that it contains no lead at all. Strangely enongli grajihitc is remark- 
ably incombnstible under :dl ordiiiaiy circumstances. It is also — like otiiei- 
forms of carl)on — infusildc at the highest temperatures known. On 
account of these properties graphite finds use, though it must he deemed a 
somewhat anomalous one, in the manufacture of crucibles. When the 
precious metals are fused in such a crucible, at a higli temperature in a 
glowiag furnace, an interesting jiaradox is fiu'nished. It is this : the 
coal — freely burning in the fire, and so furnishing the intense lieat desired 
— is fundamentally of precisely the same chemical nature as the graphite 
of the crucible, Avhich resists the heat and the combustion, and, while allow- 
ing the metals to melt, preserves them. 

The Diamond. ' 

The diamond is nearly pure carbon, crystallized. Perhaps it is not 
too much to say that it is the most striking and wonderful of all the 
forms of this Interesting element. The ccjstliness of the diamond is refer- 
able largely to its great rarity ; for it is found in comparatively few por- 
tions of the earth. 

' The ancient Greeks and Romans highly prized the rare and precious 
crystal, -which they obtained from India, and it was Avorn by tliem not 
onlv because of its costliness and Ijeautv, but also because they believed 
that it served as a potent charm against alarms and enchantments ; more 
important yet, they ascribed to it the jiower of preser\ing the peace 
and harmonv of the family circle. Upon this point a French writer has 
wittilv said : '• Cette derniere vertu, je crois qu'Jl la possede encore quand 
le mari est assez riche pour acheter le bijou que sa femrae ambitionne de 
porter ! " 

The East Indies, the Cape of Good Hope and the Brazils may be said 
to l)e the principal soiu'ces of this gem. In Brazil the search for diamonds 
is svstematicallv conducted. 'flic diamond lieariiig soils are carefully 
pulverized in vessels of water, imder the direction of experienced inspectors. 
The work is done by slaves who prosecute their search under the stimulus 
of the well understood rule that he who finds a diamond weighing seven- 
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teen and one-lialf carats or more, publicly receives his freedom as a reward. 
Aotwithstaiiding the systematic labor applied to the search for these gems 





Tig. (38.— " The Saucy." Fig. CO.— " The Polar Star.' 




Fig. 70. — " The Empress 

Eiiu'enie" or " I^Jeott." 




Fig. 71.— 'Tlie Koh- 
i-noor." 



Fig. 12. — " I lie Star of the 
South." 




Fig. 73.— "The Tie- 
gent " or "Pitt." 



y'^ — : — > 
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Fig. 74. — "The Grnivi 
l)uke of Tiiscanv." 




Fin 



■Tlie OrlotT." 



Fig. 7fi,. 



'Tlie Graivl Mosul." 



The great diamoinhs of the worhl (natural size). 

and the fascination naturally attending tindertakings of this sort, the wealth 
of Brazil is derived to a vastly greater extent from it.s agricnltural products 
tluin from its mines. Thus it \i slated that from 1740 to 1.S22, a period 
of more than eiglity years, t'le diamond mines yielded but little more than 




Fig. 77. — TransportauoD of diamonds under military protection. 
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$17,000,000. On the otiicr hand the value of coffee exported in a single 
year has sometimes been double or even more than double this amount. Thus 




Fig. 79. — Diamond cutter at work. 



in the year 1859 the coffee exported -was valued at above $28,000,000; 
and in 1873 the quantity of this article exported was valued at above 

$60,000,000. 



CAR BOX. 



207 



The larger gems are exceedingly rare. On tliis account tlio money 
value of diamonds increases in a I'ar more rapid ratio than the weight. 

The Cutting of Diamonds. 

The cutting of diamonds as au art has been known for laut a few 
centuries, and the perfection with which it is at present conducted is of much 
more recent date. Of course the process is an extremely delicate and 




Fic. 80.— Diamond known .ns "The Star of the South"; before and after cutting. 
important one Lecause it involves splitting off portions of the gem so as to 
reduce it to the exact geometrical shape previously decided upon. Tliat 
form called the brilUunt is the one commonest produced at the present 
day. The business of cutting diamonds has been for a long time con- 
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centrated in the city of Amsterdam in Holland. Here, among a Jewish 
p()j)ulation of twenty-eight tiiousaud persons, ten thousand are employed 
exclusivelv in working on diamonds. In many cases diamonds are subject 
to a -^cry large relative loss of weight by the process of cutting. Thus the 
Koh-i-noor, when brought from India as a gift from the East India Com- 




FiG. SI. — Diamond polisher at work. 

pany to the English CroAvn, was in the rough state and 'weighed one 
hundred and eighty-six carats. It was afterwards cut in Amstei'dam, by 
which process it suffered a loss of weight vai-iously stated as from eighty to 
one hundred carats. After the first trimming, the gem is carefully polished 
by rubbing it gently against a re"S'oh'ing plate upon which is a mixture of 
oil and diamond dust. 

Up to the clo.se of the last century the nature and composition of the 
diamond had been a subject of interesting discussion among students of 
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natural science. At the period mentioned however, tlie question was 
settled l)v Lavoisier and other scientific in\'estigators, wlio clearly proved 





Fig. 82. — The Koh-i-noor before cutting. Fig. 83. — The Koli-i-noor after cutting-. 
that the diamond underwent comjjlete combustion in oxygen and that as a 
result carbon dioxide gas was generated. 



Other Natural Forms of Carbon. 

In addition to the -well-known forms of matter containing carbon, 
and already dcscriljed, tliere are yet many others. 

Thus it is found in tlie atmosphere, as has already been explained, in 
the form of carbon dioxide. Tiiis gas exists in the air in small relative 
jjroportion, but in enormous aggregate amount. 

As a natural carbonaceous suljstanco petroleum, too, imght not to l)e 
forgotten. This wonderful and usefid sul)stancc stored u}) beneath the 
surface of the earth, in incredibly large quantities, owes its chief \-ahie to 
its wealtli of carbon. It is composed of carlion and liydi-ogen, liut the 
former is the constituent to whicli is referable the IjeautifuUight it affords. 

Again, the marble and the limestones of the ghilje contain enormous 
quantities of carbon. These minerals consist principally of calcic car- 
bonate (C'a CO3) ; and the carI>on makes uj) about one-eight of this 
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substance. Since some whole mountain cliains consist cliiefly of limestone 
or marble, it is plain that the total amount of carbon in these forms must 
be very large. 

With few exceptions, all animal and \-egetal)lc matters contain carbon 
— a substance which appears to perform 
its most important offices in connection 
with the kingdoms of life. Indeed it 
has been called the characteristic ele- 
ment of animal and vegetable com- 
pounds. So vast is the variety of 
these compounds already recognized 
that it is hardly conceivable that man 
can ever be able to acquire an acquaint- 
ance M-ith all those as vet undetected. 



^ Infusibility of Carbon. 

Carbon differs frcjm most solid sub- 
stances in the fact that it is infusible at 
the highest temperatures to whicli it 
has yet been subjected. And since 
in the elementary form it has niit been 
changed to the liquid state, much less 
has it been brought t(j the g a. s e o u .s- ssss^^^e^i — — ^ 

condition. Indeed this staljilitv and ^'«- 85.— Automatic regulator wliereby 

/:■ 1 • • • " '^'^ carbon pencils of the electric liglit 

nxedness of carbon is one of its most are maintained at the proper distance 

valuable attributes. TJuis this charac- "P'"''' 

teristic is a principal one that renders it specially appropriate for use in 
the pencils employed in electric ligliting. It is true these pencils slowly bum 
away. But some comljustion oiiglit to lie expected when it is remembered 
that the electric current, flowing from one pencil to the other, affords an 
intense heat as well as brilliant liglit. But it is a general law that sub- 
stances gi\'e out the most intensely hrilliant white light wlien they neither 
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liquefy nor volatilize, and to this principle — exemplified in the carbon 
pencils — must be referred the brilliancy of the electric light. 



Decolorizing Power of Carbon. 



Carbon, whether in the form of wood charcoal, animal charcoal, or 

bone-coal, has a won- 
derful power of decol- 
orizing lic|uids. Even 
more compact carbona- 
ceous matter, such as 
anthracite coal, possess- 
es this same property 
though, as might be ex- 
pected, to a much in- 
ferior degree. Thus if 
a colored solution is 
strained through a con- 
siderable Cjuantity of 
one of these forms of 
carbon, the latter sub- 
stance absorbs the color- 
oring matter and the 
liquid passes through 
practically colorless. 
On account of this won- 
derful power bone-coal 
is used in the arts in 
enormous quantity in 

T,',,. sr AT -fl 1 ■ «■*, , t 1 At ^ manv processes where 

iiG. bO. — jMagmiieu view ui tlio carbon terminals used for • i 

the production of the electric liglit. liquids must be decolor- 

ized. The sugar refining industry affords a prominent example upon 
this point. Here, enormous quantities of bone-coal are used for the pur- 
pose of whitening the syrups befiire crystallizing the sugar. 
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Charcoal has also a similar, and yet more striking, property of 
absorbing offensive gases. Thus, tainted meat packed in freshly burned 
charcoal cjuickly loses its odor — which is absorbed by the coal — and the 
neat then becomes sweet and wholesome. 



Chemical Properties of Carbon. 

The chemical properties of carbon are by no means less wonderful 
than the characteristics already referred to. 
It is ^'cry inert at low temperatures ; but at 
high temperatures, it manifests chemical 
activities of extraordinary vigor. Thus 
at high temperatures carbon withdraws 
oxygen from almost any other elements 
known, in this way manifesting chemical 
force sujierior to that possessed by any 
of them. 



Tine Great Number of Compounds 
Formed by Carbon. 

The vast number of the compoimds of 
carbon seems to be referable to two fun- 
damental properties with which it is en- 
dowed by nature. One of these is the 
fact that the atom of carbon possesses 
four points of attraction. This matter 
need not be exj)lained here as it lias already 

length. But tlie fact mav be con\enicntly represented to the eye 
symbol like the following : 




Fig. ys.— Ciilored liquid tiltirnl 
tliroufih charcoal, and thereby 
decolorized. 

)ecn discussed at sufficient 
l.v a 



— c— 



The other j)roperty referred to is tliis : car1)on — unlike most other 
elements — has a peculiar capacity by virtue of which atoms of it may join 
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togetlier in either short or long chains, and afterwards may gather other 
elements to the varions parts of the chain. One among the many 
ways in whicli carbon takes part in | 

forming such compounds may be — C — 

represented by tlie simple diagram 
sliown in the margin : 

The number of compoimds of this 
character already known to chemists 
is very large ; it suggests the proli- 
ability tliat there is no distinct limit 
to the numljcr of atoms that may 1)0 
linked in a continuous cliain in this 
way. ]Morco\-er a given chain may 

have attached upon its sides or ends . (' 

one or more additional chains of ele- I 

ments or compoiuids and thus gwc rise to an all but infinite munber 

of substances witli almost infinitely varied properties. 
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CHAPTER XXIV. 



COMPOUNDS OF CARBON AND OXYGEN. 




HILE compounds of carbon and hydrogen are very numerous, 
those already known being numbered by hundreds, the affini- 
ties of ovjjgen and carbon give rise to a striking!}' different 
result. 

When combined with oxygen alone, carbon forms but two compounds. 
These are expressed by the following names and formulas : 
Carbon monoxide, CO. 
Carbon dioxide, C0„. 



Carbon Monoxide (CO). 



Tills gas is most familiarh- known as that one which often plavs upon 
the surface of a hard coal fire and burns there with a dark blue, feel)ly 
luminous, flame. Most of the phenomena of its production and final Ijuru- 
ing may be j^rcsented as follows : Wlien an ordinary coal fire, burning in 
a stove, is amply supplied \\-ith air at the bottom, the oxygen of the air 
Inu'ns the lower portions of carljon into carbon dioxide. Next, this carlton 
dioxide is carried up, by the draft, lietween any masses of fresh coal that 
may be upon the top of the fire. This fresh coal has itself affinity for oxy- 
gen under the circumstances just described as ])revailing. As a result, 
each molecule of carbon dioxide from the lower portion of the fire yields 
one of its atoms of oxygen to an atom of carbon in the upper part. 
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Tlie clR'uiiral ehany'u if; re|ii-e8ented by the tijllowing e(|uatiuii : 

CO2 + C = 2CO. 

One molecule of One aUim of Two molecules of 

Carbon dioxide. Carbon, Carbon monoxide, 

44 13 56 

parts liy weii;ht. parts by weight. parts by weight. 



50 50 

As a result, therefore, earbon monoxide is formed and escapes as a 
colorless gas from the top of the fuel ; there, if the upper door of the stove 
adinits a sufficient amount of air, the carbon monoxide combines with the 
oxygen of this air, and burns with the blue flame already referred to, and 
so produces carbon dioxide again. 

This chemical change is represented by the following equation : 
2CO + 02 = 2CO, 

Two molecules of One molecule of Two molecules of 

Carbon monoxide, Oxygen, Carbon dioxide, 

50 32 88 

parts by weight. jiarts by weight. parts by weight. 



88 88 

The carbon monoxide is a very poisonous gas, far more injurious to> 
health than carbon dioxide. 

Carbon Dioxide (CO,). 

This substance and its manner of production have been referred to 
more than (jnce in preceding cliapters. A more extended notice of it, 
however, is a[)propriate to this place. 

It b;is already been stated that carbon dioxide e.xists ready-formed in 
nature — nutably in the atmosplicric air. Jts principal natural source in 
the atmosplicrc is the comljustion of fuel ; for almost all fuel is carbona- 
ceous. Tims cual, wood, oil, iihnninating gases, are all highly carbona- 
ceous suljstances, and one of the principal products of their combustion is 
the gas now under consideration. 

As lias already liccn described, the respiration of animals is closely 
connected with a real combustion in the living being. It is true that this 
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sort of combustion is not attended by the evolution of light ; it is produc- 
tive of heat, nevertiielcss, and the heat afforded by respiration is an impor- 
tant factor in the sustenance of animal existence. For this heat not only 
enables the living- 
being to endure the 
chilling ettects of 
the winter's cold ; 
it also keeps the 
temperature of the 
internal organs up 
to that point which 
is necessary for the 
proper pertbrmance 
of certain animal 
functions—of which 
digestion is a most 
important example. 
Now by this com- 
bustion c a r b o n 
dioxide is generated 
just as truly as 
would be the case 
if the flesh of the 
living animal were p,, 
c o n s u m e d in a 
glowing fire. The product of respiratory combustion is the same carbon 
dioxide as that recognized in well-estaldished burnings. The quantities of 
oarbon dioxide evolved by man and certain of the domestic animals, in each 
hour of their existence, iiave been calculated. They are approximately 
stated in the following table : 

A man exhales 4 gallons carbon dioxide per hour. 
A dog " 4-J- " " " " " 

Ahorse " r)0 " " '■ " " 

An ox " 70 " " " " " 

And M. Boussingault has calculated that the a[)proximate amount of 




89. — Production of carbon dioxide by combustion of a dia- 
mond in oxygen gas. 
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carbon dioxide produced in the city of Paris during a single twenty-tour 
liours is as follows ; 

jVniount produced by li\'ing animals, . 55,000,000 cubic feet. 

Amount produced )jv .burniiiif of ^•arious 

kinds of fuel, ' . / . . 27,000,000 cubic feet. 



Total C0„ produced in twenty -four liours, 82,000,000 cubic feet. 
There are certain other natural sources of carl)on dioxide that are 
worthy of jjassing mention. Thus in many parts of the world tjie gas is 
continually evolved not only from active volcanoes but also from extinct 
ones. Again, another interesting source — though not in rhc aggregate a 
very important one — is found in natural mineral springs. In tlicse the 
water often comes to the surface highly charged with carbon dioxide, and 
the gas, escaping into the air, imparts to the water its well-known bub- 
bling appearance. 

Experiments with Carbon Dioxide. 

For chemical purpcjses carbon dioxide is commonly prodnced by the 
action of an acid npon some one of the salts known as carbonates. Accord- 
ingly chlorohydric acid and calcic carbonate (that is, common marble) 
when brought together produce carbon dioxide. This fact may be read- 
ily shown by the performance of a simple but interesting experiment. The 
ojieration may also ser\'e for the display of some of the principal properties 
of the gas. 

The experiment in cpiestion may be conducted advantageouslv some- 
what as follo\\'s : Pi'ovidc two convcnieut glass jars — such as cand\' jars or 
preserve jars ; also a sliort candle, a piece of copjjer wire', a liottle of cido- 
I'ohydric acid and some fragments of white marble. Xow attach tlie can- 
dle t(j tlie wire and after lighting the financr let it do^vn into the jars, still 
burning. The conil)ustion continues bccanse the jars are full of air and 
contain amph' quantities of ox3'gen. Next withdraw tlie candle and extin- 
guish it for a moment. Now place in the ])ott<im of the larger jar some 
cldorohydric a(;id and into it gently drop some of the fragments of marl)le. 
Effervescence nnmcdiatcly commences. A careful examination of effer- 
vescence shows that in this, as in other cases, the [)roccss consists in the 
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evolution of a gas from a liquid. In the ease in question a eolorless gas is 
plainly evohed, and tiiis gas is carbon dioxide. 

The chemical change is represented by the f(.illo\ving equation : 

CaCOs + 2HC1 = CO; + CaClj — H2O 

Que molecuk- of Two inol'-culc- of One molecule of (Jne molecule of One molecule of 

Calcic carbonate, Clilcrohydric acid, Carbon dioxide. Calcic chloride, Water, 

lOU 73 41 111 IS 

piirts by weight. purts by weight. leiits by wei^hr, ]iaiis hy wei^'ht, parts by iveipht. 



173 173 

After allowing the effervescence to continue for five or ten minutes, 
reliffht the candle and auain lo\yer it into the i;ir now containino- carl)on 
dioxide. If a sufiicient quantity of the gas is pi-esent, the light will be 
promptly extinguished when the wick passes below the surface of the gas. 
The experiment dispLiys at this stage the additional fact that the carbon 
dioxide is lieavy, and in filling the jar it does so from the bottom ujnvard. 
Xow relight the candle and immerse it in the second jar ; this is proved 
to contain air by the fact that the candle continues to burn. While it is 
still quietlv burning there, pour gently upon it the carbon dioxide accumu- 
lated in the other jar. If the amount of this gas is large enough, it will 
fill the jar containing the liglited candle and so will readily extingui.sh t'le 
latter. 

These experiments demonstrate shnply and clearly, certain of the 
most important properties of carbon dioxide. Its action in extinguishing 
riame is to quench it, very much as water -would. Wlien the candle dips 
beneath the siuface of the carbon dioxide, the flame expires sim[)ly from lack 
of that oxvgen of the air Ashich ordinarily supports the combustion. And 
this leads very natiu'ally to the additional statement tliat, in similar fisliion, 
livino- oeinr'-s arc dro^vned if immersed in carfion dioxide. Fur just as 
water iirevents the access c)f air tn tlic lungs, and then dro««ing ensues, 
s<i when tlie aiiiiiKil is Ix-nctith the surface of carlxin dioxide he dies from 
the similar d('[iri', ation ol' air. 

Effervescing Beverages. 
A large quantity <if carbun ilioxidc taken into the luiirjs is promptly 
fatal to animal life, aude\en a small increase of that gas, in tlie atuios- 
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plieric air breatlied, also prcjtluocs a marked lowering of the vitality. It is 
an interesting tact however that when this gas is taken into the stomach, 
especially in its solution in water, it lias a wholesome and stinmlating 
effect. 

When carljon dioxide is dissolved in water it seems to produce a 
ti-ue acid, though an luistable one. In accordance with the present nomen- 
clature, this aci<l is called carltonic acid and is represented l)y the 
formula IIoC'Oj. This substance is present as the main constituent, or as 
a subordinate one, in certain natural mineral waters, and in manv simple 
effervescent l)everages. Thus plain soda-water is merely a solution of 
carbon di<jxide in water. Such solutions are now manufactured on a 
large scale, and l)y mechanical appliances are filled into siphonlike l)ott]es 
in such a way that small quantities of the liquid may be withdrawn without 
loss of tlie principal stock of gas. 



CHAPTER XXV. 



ILLUMINATING GAS. 




T has been stated more than onre tliat the coiiip(jun(ls of rarlj(jn 

' are very luimeroiis ; it might properly be added that their 

usefuhiess is no less striking than their mimber. This portion 

of the subject is so vast, however, that it is often discussed as 

an entirely separate branch, called the chemistry of the carbon compounds, 
;ind often organic chemistry. By organic chemistry is meant the chemistry 
of organic substances ; and by organic sul^stances is meant materials deri\ed 
from those existences that possess organs. Xow animals and plants, and 
they alone, possess organs ; whence organic chemistry is described as tlie 
cliemistry of animal and vegetable l>odies. On some accounts, it is better 
defined as the chemistry of the carbon comp(_iunds ; for while it was formerly 
thought that animal and vegetable beings involved in their processes a 
chemistry peculiar to themseh-es, this nation has long since been disjjelled, 
and it is now clearly pei'cei\'ed that animal and vegetable compounds are 
governed by the same chemical laws as others. 

But not only is the number of these organic compounds ^'cry great ; 
tlie variety and importance of animal and \cgetable matters g^^■e them a 
high degree of interest. Thus they include animal and Acgetalile juices, 
extracts, gums, resins, essences, remedial agents, Ijitter principles, acids, 
oils, colorinr'' matters : and of the memlters of each one of these classes the 
name is legion. Moreo\er, the more any porti(jn of tlie subject is studied, 
the more it seems to reveal a continually inci'casing complexity. 

I\Iost of the sul)stances of the classes lefen-cd to are either compounds 
of carbon and hydrogen, or of cai-I)on, hydrogen and oxygen in Aaried 
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pi'opoitions, or they are coiiipduncls containing these elements and )'et a 
few (itlier.s eonihined with tiicni. 

It is nianitest, fr(.ini w hut lias been said, that in a Ijook hke the pres- 
ent it is in)[)Ossible to give any c(jnsideral.)le discussion (jf the vast Held 
(_)rt'ei'ed hy tlie organic coniponnds of carbon. It seems l.)etter to choose 
for description some important manufactnring ojieration that in'S'ohes tliese 
comi)Oiinds and tliat is on otlier accounts specially instructi\'e. Accord- 
ingly the manufacture of illuminating gas is selected for consideration 



The Manufacture of Illuminating Gas. 

The material on which this industry is based is bituminous coal. This 
substance is clearly a vegetai)lc prodnct, though it is deri\ed from a 
yegctatioii which lived, flourislicd and decayed in a period of pre-historie 
anti(|nity. 

The manufacture of ilhnninating gas, although one of the most 
ini[)ortant of the chemical indnstries of today, liad its l>eginning but 
little before the opening of the present century. A Scotclmian named 
A\'iinam Murdoch is geucrally credited ^\\x[\ the hrst introduction, into 
considerable use, of burning gas made from coal. In ITIKS lie gained the 
opportunity to intrcjduce his metliod of illumination into tlie en^'ine works 
of lioulton A: AVatt, located at Soho, near Birmingham. From tliat date 
tlie manufacture and use of illuminating gas from soft coal lias extended 
and c.\[iandcd mnil it lias reached its present enormous deAelopment. 

General Principles of the Process. 

'J"be general principle of tlie manufacture is exceedingly simjile. But 
its cijinniercial growth has l)eeii assisted by the imention and application 
of a multitude of de]i(;ate and ingenious appliances. 

l'{ any jicrson will take a glass test-tube, ])lace in it a fe^^' frao-ments of 
standi, and ^vill then heat tlie starch strongly over a lamp flame, he will 
readily detect three imjiortant cftects. The first is that a mass of smoky 
gas or vajior pours out of the mouth of the test-tuljc. The second is that 
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an oily or tany liquid condenses, on the inside of the tul)e, and runs dnwn 
in streams. The third is that at the elose of the operation a mass of 
carbon remains in the hottDui cif the tube where the starch was. Now 
the ^•arious substances, that ha\e been referred to as pr<iduced by 
tlic heating' process, are referable to the decom])osition of the molecules of 
••.^tarch. 



A Similar Operation on a Large Scale. 



Ill the manufacture of illuminating- gas on a large scale tliere are 
developed practically the same series of phemimena as those noted in the 
experiment with starch just referred to. 




Fid. '..12. — Tlirue views of a gas retort. 

In the manufacture of illuminating gas. instead of starch as just 
described, soft coal or bituminous coal is used. 

In [)lace of a lamp, a large row of furuiiccs is emphycd to sup[ily 
the heat. 

Instead of ulass tubes, tliosc of earthenware, ten or twelve feet in 
leno'th and l.ietwi.'cn one and Xwn feet in diameter, are used. These tnlies, 
called retoi-ts, are placed in a hurizontal position and S" that tlie flame ot 
the fire in tlie fm-nace niav sweep around them and raise them ti> a cherry- 
red heat. At the front end of the retort is atta.'hed a dixir to prevent the 



escape of the gases generated, and there 



dso a sui 



tid)le pi]>e to carry 
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these gases forward to those other portions of the works which serve to 
perform upon the crude gas certain necessary purifications ; these are : 
First. The condensation of condensable vapors. Second. The removal 
of objectionable gases. 

The operations s[)oken of show that the gas nuist be carried from one 

portion of the establishment 
to another. Now illuminating 
gas is made up of material sub- 
stances and although lighter 
than air yet they distinctly 
possess weight. Gas will not 
move of itself; to carry it Irom 
place to place the application 
of force by means of mechani- 
cal appliances is requisite. In 
fact it is discovered that what 
is called an exhcmster is neces- 
sary for use in gas works. The 
Fi(, iM—beai.in shuw mi; hNK retorts in placK. exhauster is simply a kind of 
rotary pump which pulls the gas from the retorts in which it is first formed, 
and pushes it along through the various purifiers, t(( the gas holder in which 
it is stored. If the exhauster were not used, there would lie a constant 
tendency to the creation of pressure in the retort, liv virtue of which the 
gas would penetrate the earthenware into the fire, and so become a source 
of loss. 

From wl'.at has been said it will lie casilv comprehended that the 
essential parts of a gas-works are the following : 
First. The furnace. 

S'^roiid. The retorts, in which the coal is heated. 
Tlunl. The hydraulic main : a. trough of water in whicli the gas is 
coiilcil, ;iih1 whicli also serves as a gate, through A\hich the gas can pass 
forward toward tjie purifiers but not backward toward tjic retort. 

FoiirfJi. The out-door condensers, in whicli the gas is ctiolcd and 
some iif its vapors condense to tarry lirpiids. 

Fifth. The scrubber, in which the gas is cleansed by a spray of water. 
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Sixth. The purifiers, where sulphuretted hydrogen, and some other 
objectionable gases are removed. 

Seventh. The gas holder, in which the finished gas is collected and 
stored prior to delivery to consumers. 

The processes by which these various ap)pliances are used in the 
uiamd'actiu'e of illuminating gas may be briefly sketched as follows : 

A suitable quantity of soft coal is ])laced in an even layer on the bot- 
tom of the retort. Gas at once forms and streams out of the open door. 
The door of the retort being now quickly closed by the workmen, the gas 
passes out through an exit pipe — called the dip-pipe because it di[)s into 
the water of the Injclnmlic main. The gas bubbles up frr)m the diji-pipe 
through the \vater. Once delivered in the hydraulic main, the gas cannot 
go back to the retort. 

Next, the gas passes through the condensers, a series of connected 
up-and-down pipes. As these condensers stand in the open air they cool 
the gas so that it desposits tarry liquids that, until this stage, lia\e been 
suspended in it in the form of ^•a^)or. 

Next the gas flows to a large ir(m box, called the scrubber. In dif- 
ferent works the scruhher varies considerably in outward sliape and inter- 
nal arrano-ements. Its essential office however is to wash the gas, and it 
does so by the use of water which is applied to the gas either in sprays or 
thin films. Ammonia gas is the principal substance al)Sorl;)ed by the water 
in tlic scrublier. Indeed the liquor thus ]iroduced is the main C(jnnnercial 
source, at the jiresent day, of anmioiiia and its compounds. 

Tlie gas next goes to the purifiers. These are large iron lioxes sup- 
plied with a multitude of shelves upon which, in most works, diy quick- 
lime is spread. The quicklime absorbs sulphuretted hydrogen and some 
other acid gases. From these purifiers the gas is carried on to the [/as 
holder. 

The Distillation of Coal, Chemically Considered. 

Under the influence of the higli tempcnitnre of tlie gas funiace, the 
soft coal in the retorts undergoes deconq.osition. As lias befoiv been 
intimated, three distinct classes of substances arc produced : Solids, which 
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aie left in the rctin'ts ; liquids, which avr i-ondeuscd in tlie -^-iirions eooh-rs ; 
gases, wliicli ])ass on the gas liolder. 

J'^ii-st. The solif!s. These are ])i-ineipal]v tv,-o kinds of eai-lxin. 
One is coke, — tlie principal solid matter fonnd in the retorts as a 
residue from the soft coal after tlie latter has ceased to evoh"e gas. It is 
mereh a form of carbon, somewhat sj)ongv in its structure. It is sold for 
"use as tiiel. Beside this the retorts accumulate a sort of scale of a wrv 
dittl'rent form of carbon called gas carbon. It is extremely hard and 
almost non-coml)ustible, being even \ery difficult to rcnuM'e from the 
retoi'ts. It is at present somewhat used in the maimfacture of the carlion 
pencils employed in electric lights of the arc variety. Pi'ior to tliis use it 
found scarcely anv commercial outlet. 

Second. Tlie Jupiids. The first condensation of licjuids takes jilace 
in th(.' Iivdraidic main where tarrv and oilv matters condense and aeeum- 
nndate. and are drawn oft fiom time to time into tlie tar ^^•e]l. Again in 
the condensers there is a still further de[iosition of liijuids, also tarrv and 
oilv in their nature. 

These ]i(|uids i-onsist of verv com2)licated mixtures of carbon com- 
pounds, lint tliev are <if tin' most interesting character. In the earlier 
stai-cs of the manufacture of coal tras thev were rcij'arded as mere nuis- 
ances. Little by little liowe\er chemists have learned to sepai-ate the inter- 
mingled jjrodncts, and have thus lieen able t(^ obtain a number of sulistanees 
of striking interest and usefulness in the arts. Among the nmltitudes of 
substances that go to make up the liquid called coal-tar, some are as vet 
hardly classified • others are distinctly recognized an<l have uses of great 
conuHcrcial importance. Of these lattci-, two will be mentioned here. 
These are anthracene and benzole. 

The substance ealle<l (tiithrucene, a compound of carbon and hvdrogen 
( Cj j^ IIj^ ^1 ) , has within the last ten rears sprung into the highest eonnnereial 
importance. This isreferaLle to the fact that it has been fomul to be a suitable 
material from A\'hieh, bv chemical processes, there ma\- be manufactured a stib- 
staneeknownas alizarine, besides other e(|nalh'^ aluable and interesting com- 
p<jnnds. Alizarine was previously recognized as the coloring matter of chief 
value in madder root, a substance that has lieeu ust'd as a dvc-stuft^ for above 
a thousand vears. The alizarine, whether cif madder or from antlu'acene, 
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is a coloring matter of tlir liio-lu-st \-Aw and usefulness. It affords turkev- 
red and other colors that iiiv vciy important hecausc tliev arc cxtremely 
brilliant and extremely last. Its in-tlfic'ial manufacture, from the anthra- 
cene of the tilthy and oii'eiisi\c cjul-t^ir. is one of the greatest triumphs of 
this or am' asc. 

Another substance found in the (/oal-tar is benzole, a <'ompoimd of 
carbon and hydrogen having thi' foi-mula C|.H|,. This is the princi])al 
material from Mdiich, by a \ariety of ^\-e]l understood tliough complicated 
chemical ]irocesses, the well-known aniline cohjrs have been produced. 
lA hile these colors may well command the admiration of all. on account of 
their imsurpassed beauty an<l brilliancy, they are of especial interest to the 
scientist l)y reason of the chemical laws they illustrate. The }ii-cparation 
of these odors, as ;i grouji, ranks scc(jn<l only as a chemical achievement to 
that of artificial alizai-ine. 

Third. TIk' frd.-ieouH Products. The gases generated in tlie pro- 
cess of the coal-gas manufacture arc extremely numerous; some of them 
arc of high illuminating power, of which that called eth^le^c ((J.,H ) is an 
excellent example. Again there are some that arc combustible, but vet 
are of slight illuminating power. Substances (jf this class ai-c present in 
tlic finlslied 2)rodaet. Ilvdrog'en and carbon monoxide (CO) niav ser-sc 
as examples. There are alx^a\"s ])resent also gases tliat are either injini- 
ous to tli(.' illundnatlng powei' (jr are otherwise oljjectionable. For example, 
nitrogen is always present, and it is not jiracticable to remo\c it from 
the g-as. It contributes nothing to the ^ able (if the product Again certain 
^uljihui- compounds, like sulphuretted hvdr(jgen. arc usuallv pi'eseut. These 
indeed burn. Init the\' gi\c rise to offensl\i; ami miwholesome oxides of 
sulphur. 

The sketch thus g■i^en. ^\ bile it but inqierfcctlv describes the 
A\'onderfuI industr\' in ipiestion, a\ itli its \aiious a\ ell contri\ cil and deli- 
cate appliances, sei'\('s ho\\c'\i'r t(i gi\e M)ii]r idea of tlie ini[)(jrtance of the 
operation, fj'om a chemic;d poiiil of \i( \\ . and thi.' mine of rich materials its 
carlio:i como:)iuid-i oHcr to dieniie d .-tndents. 
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SILICON. 




ILICON may avcII lie considered important on account of its 
quantity in the cartli, if on no other. In an earlier chapter it has 
)een shown that oxvgen exists in our globe — including its 
atmosphere and its oceans — in an amount equal to aljout one- 
half of the -weight of the whole. Now silicon exists in ;i quantity equal 
to aljout one-fourth of this entire weight. In the earth however, neither 
cif tliese suhstances exists in the imcombincd form. These facts seem to 
involve as a necessary consequence that they exist in the earth, to a large 
extent, combined with each other ; indeed this is found to be the case. The 
principal earthy matter of our planet is the compound of silicon and oxy- 
gen, existing either alone in tlie form of sand, quartz crystal and similar 
minerals, or else in combination with other well-known abundant earth 
materials, such as oxides of calcium, magnesium and aluminum. It 
has alreadv bsen stated that carbon is the characteristic element of 
;uiimal and vegetable matters ; so silicon is the characteristic element of 
mineral matters. Thus granite and similar archaic rocks contain approxi- 
mately tA\-enty-fi\e per cent ot silit'on. 

In nature, silicon performs its important otKcc as a constituent of rock 
material, "\\'itli a fitness that is referable largely to the liigli degree nf sta- 
liiliti,' ])osscssed bv most ot its conqjonnds. The permanence of the 
materials of tlie earth's sui'face under the intiuciice ot heat, and ■\\-ater, 
and frost, and similar agencies is an illustration of tliis principle. 

SiUcii: oriile (SiO.-, ), occius on ourglolic in man v difrerent forms of 
wliicli di.itomaceous eartli and rocic er\'stal mnv be mentioned. 

Diatomaceous eartli is a, po^\'dery material f jund in abundant deposits in 
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many jiarts of the world. Its characteristic structure, 'vvhen examined 
vuider the microscope, reveals its nature ; then it is seen to Ijc made up of 
the shells of minute vegetable organisms called diatoms. These assume a 
great many l)eautiful forms, and some of them are checkered all o\er ^\\\\\ 
markings of sucli extreme fineness that they have l>een u^'ed as te^t objects for 




]7,,;. 95— Diatomaceons earth as seen througli tlie mieroscopc. 
trying the resolving power of the objectives of microscopes. Tins knid of 
eartli is employed, as hag already Ijeen stated, in thepreparati()h of dynaunte. 
Quartz sometimes occurs in colorless transparent masses of great 
beauty and clearness called rock crystal. Tlie amethyst is the same sub- 
stance slio-htly colored by compounds of the metal manganese, while quartz 
exists of a variety of other shades, in some of which it is prized as a gem. 
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(|)u:irtz generallv assunieiS forms of a hexagoiial teiulencv : tliev are often 
liexagonal ])i-isins terminated l_>y hexagonal pyramids. 

(|)uartz and the finer and purer -^-arieties of sand are used largely in 
the manufacture of glass. The silicic oxide liere displays Avhat may be 
expressed as its acid tendencies ; for in the inanutiieture uf glass it is fused 




Fig. ?6. — JIass of natural quartz crystals, 
witli sodie carl)onate, and then tlie silicic oxide displaces the cnrlion dioxide 
from tlie sodic rarlxmatc ; as a result there is formed ^\'liatmust he regarded 
;is a true salt, or a mixture of salts, that in tlie simplest kind of lilass may he 
termed ^oclic. .^ilicaie. 



fjlos'iiiq MOrds. 'V\w conrsc hiid out in tlic preface is no^v ter- 
minated yitli silicon, as tliere phumed. From scieritific considerations, 
tliis is a natural ending; it seems to lie a[)propriate on another account 
also. After (he rcad(.'r lias ht'cn cari'icd, in thought, among the yarious 
ii'ascous elements, tliat make up atmos|iliere and oceans, it seians suitalile 
that we slioidd say fare^\('ll to him upon the dis(arssion of tiiat element 
that may he called tlie characteristi<- material of our solid earth. 



INDEX. 



Abel, F. A 

Acid, Boric 

Xitric 35 

Sulphuric 35, 37 

Chluroli ydric 33 

■ Plrosj^ltoric 

Affinity, Chemical 44, 4( 

Alizarine 

Allcali Trade 'J4, 

AUotropisni 

Ametlij'st 

Ammonia ICiJ, 174, 

Anhydride 

Anhydrite 

Anthracene 

Antimony, Sulphide of 

Apatite 188, 

Arsenic, Sulpliide of 

Atom 41 

Atomic Theory 

Atmosphere 



.182 

.157 

ins 

152 

190 

.1112 

52 

.221! 
100 

r,.io 

2211 
225 
151 
14G 
220 
148 
18'J 
148 
, 42 



170 



Bacon, Koger . 
Balard 



Balh)ons.. . 
Barilla.... 
Benzole . . . 

Bertliollet. 
Berzelius. . 



.178 
.100 
..74 
.107 



Beverages, ctferveseing. 

Binary Compounds 

J'.iot 



..Ill 
..24 
.210 



Black, .Tosepli 01, r„ 

Bleaeliin;,' Bnwd'r 

Blende 

Blo« pipe. Coni]ii)imd 

Bone-Ash 

Borax 



Boron 

Boussin£rault . 
Brandt 



. . so 
1, 70 
. .03 
.110 
. 1 20 
. 1S7 
.157 
.157 
.217 
.187 



Bromine 100' 

Carhon ; 107 

Dioxide 173, 210 

jNlonoside 215 

Cavendish, Ilenrv 00 



Char 



al. 



107 

Chemistry, Scope of 7,0 

Clilorinc 85 

Cinnaljar 140 

Coal 201 

Coal-tar 220. 

Coke 226 

Compounds 33 

Number of 8,0 

(Organic 321 

Copper, .Sulphate of 51 

Cotton 181 

Courtois 108 

Current, Galvanic 04 

Daguerre 103 

Dalton, .Tolin 53,50 

IJavy, Humphry, 00, 80, 108 

De Eozier 78 

Diamond 203 

Diatoms 185, 228 

Diffusion 00 

Dobereincr 70 

Dynamite 183,185 

Eartli's C'rn^t, Compositi-'U i)f 15 

Elements, Chemical 0, 12, 14, 28 

Names and Syniliols of. ... 10, 23 

Eijuivalenee 4s. 72 

Ethylene 227 

Explosi\'cs 177 

Fertilizrr.s 188 

Ehiorhv 112 

Fireworks 1,80 

Fulminates 181 

Criilena 14l> 



(zal) 



TXDEX. 



Gas C<?, 

Illuminating 221 

Gas-Carbon 22(J 

Gaj--Lussac '^0 

Glaislicr and Coxwell SI 

Glass 229 

Glycerine l-^-t 

Granite 228 

Graphite 201 

Gun-C'otton 181 

Gunpowder 177 

Haiiy 15 

Heat, unit of 71 

Hydrogen 58 

Iodine 1()5 

Iron, Sulphide of IIG 

.Tanssen 8:3 

Kelp 107 

Lanip-Blaek 200 

Lardcrel 100 

Lavoisier 10, 21, 118 

Lead 31 

Sulphide of 14C, 118 

Lehlane Process ',11 

Liehig 101 

Light, Galcium 131 

Electric 211, 220 

Ijiniestone 201) 

Lithium 30 

Marhle 209 

Mass .'jO 

Matches 192 

Mayow 121, 103 

Metals 28, 29 

Names of 10, 20 

Mercury 30 

Sulphide of 110 

Moisture in the ,\ir , . .173 

Molecule 40 

Montgolfier 71 

Murdocli 222 

Nobel 185 

Nitrogen 102 



Nitroglycerine 1 84 

Nomenclature, Cbemical . . 19, 20,32, 33, 37 
Non-metal 30 

< )xide, Lerroso-f erric 00 

Oxygen 117 

Abundance of in the earth. . . . 11.10 

ralladiuni 70 

I'elletier 89 

retroleum 209 

Photography 93 

Phosphorus '. 187 

Phosphorus Necrosis 189 

Phosphuretted Hydrogen 191 

Potassic Chlorate 123 

Priestley, Joseph 04, 118, 103 

Puymaurin 115 

Pyrites 110 

Ciuartz 228 

Roe 89 

References, Reading, 10, 17, 21, 27, 31, 38, 

45,60,73,84,98, 111, 110, 133, 150, 101, 

180, 190, 214. 
Rutherford 1 03 

Scheele 85, 114, 118, 102, 187 

Silicon 228 

Abundance of li: 

Sodium 07 

Sugar 41 

Sulphur ] 42 

Dioxide 33. 149 

Trioxide 33, 151 

Sulphuretted Hydrogen 147 

Ternary Compounds 34 

Van Ilelmont 03 

Varcch 107 

Vitriol, Oil of 152 

■\Vater 127, 134 

'Weight, Atomic 17 

Zinc (';8 

Sulphide of 140, 149 



s 



